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The  world’s  oil  industry  spends  more  than  $250  million  a 
year  in  surveying  subsurface  conditions  on  land  and  under 
water  by  the  seismic  method.  The  mining  industry  like¬ 
wise  makes  extensive  use  of  .seismic  technicpies.  In  the  civil 
engineering  field,  however,  the.se  techni(jues  are  ju.«t  start¬ 
ing  to  be  applied  as  more  and  more  engineers  are  becoming 
familiar  with  what  seismology  can  do  for  them  in  deter¬ 
mining  subsurfact^  conditions. 

The  refraction  method  of  seismic  survey  can  .solve  many 
problems  which  often  are  left  unsolved  or  are  merely  esti¬ 
mated  bv  the  design  engineer.  It  is  now  being  applied 
succe.s.sfully  to  the  solution  of  foundation  problems  involved 
in  the  construction  of  power  plants,  dams,  tunnels,  subways, 
highways,  bridges,  and  other  projects  where  the  depth 
to  bedrock,  the  type  of  rock  enc-ountered,  and  the  charac¬ 
teristics  of  the  overburden  material  are  important. 

A  description  of  the  refraction  method  of  .seismic  survey 
is  given  in  the  article  “Engineering  Seismology,”  beginning 
on  page  167. 


Strip  mining  coal  around  a  mountainside  at  a  location  7(K) 
ft.  above  the  base  of  the  mountain  has  been  in  successful 
operation  since  1948  by  Central  Pennsylvania  Quarry,  Strip¬ 
ping  and  Cyonstruction  C>ompany,  under  contract  with  West¬ 
moreland  Coal  Company.  Work  on  the  project,  known  as 
Hampton  Mines  Stripping,  is  being  done  in  an  undeveloped 
area  of  1(),.50()  acres  of  land  in  southern  West  Virginia. 

A  winding  roadway,  Similes  long,  had  to  be  constructed 
up  rugged,  mountainous  terrain  to  provide  access  to  the 
area.  The  (Chesapeake  &  Ohio  Railroad  Cotnpany  built  a 
7-mile  spur  line  from  Clothier,  West  V^irginia,  to  service 
the  mining  activities. 


EDITORIAL  STAFF:  Joseph  I.  Mohty,  Editor; 
Gehthude  a.  Donnelly,  Assistant  Editor;  Eliz¬ 
abeth  .Vt.  Joyce,  Assistant  Editor;  (Cdward  L. 
Grant,  Art  Editor;  Frank  J.  Canova,  Production 
Stanager;  Gharles  E.  Kabenold,  AdvertLsinK  Man- 
af(er;  VIontwimery  R.  Budd,  Director. 

SUBSCRIFTIO.N  RATES:  United  States  and  Canada-One  Year, 
SL.'yO;  Single  Copies,  $.30.  Limited  Subscriptions  Only  to  Other 
Countries— One  Year,  $2.50;  Single  Copies,  $..50. 

The  Expuisives  ENf;iNEER,  913  Delaware  trust  buildinc, 

WIL.MINCTON,  DELAWARE.  PRINTED  IN  UNITT;D  STATES  OK  AMERICA. 
PUBLISHED  BY  HERCULES  POWDER  COMPANY 


VOI,  .12  NO.  « 


NOVEMBiCR-OECEMBER,  1954 


BPA 


WiixiA.M  IxsTEH  McKnicht  — o  photoffroph .  164 

William  Lrster  McKmcht  — «  hioffraphij .  165 

Editorial  . 166 

Engineering  Seismology .  167 

By  E.  K.  Sandbacii 

Strip  Mining  (Coal  .Ground 

.\  Mountainside  .  172 

By  Henhy  Minnh; 

The  Moles  wards  for  1955  .  177 

Mining  Uranium  in  the 

Colorado  Plateau  (Part  11)  .  178 

By  (CiiAHLKs  F.  Tho.mas 


Viewii  and  opinioniii  riipmi»ed  by  aiilhon  of  article*  in  this  publication 
are  theit  own,  and  they  do  not  necessarily  represent  those  of  the  publisher. 


In  the  beginning,  the  strip-mining  operations  were  carried 
on  in  the  Upper  and  the  Lower  Hampton  seams  of  coal. 
The  coal  in  the  upper  seam  is  6  to  7  ft.  thick;  in  tht*  lower 
seam,  5  to  6  ft.  thick.  After  both  seams  were  strippi’d,  the 
ovt'rburden  material  extended  to  a  height  of  80  ft. 

For  blasting  in  the  highwall,  6-in.-diameter  holes,  .54  to 
72  ft.  deep  on  11 -ft.  centers,  are  drilled  horizontally  with  a 
Mc<Carthv  KW  Highwall  drill.  V^arious  grades  and  strengths 
of  Hercules  dynamites  primed  with  short-periotl  delay  deto¬ 
nators  are  iLsed  in  loading  the  drill  holes  for  primary  blasts. 

F'or  a  .summary  of  the  operations  at  this  unusual  coal¬ 
mining  project,  plea.se  turn  to  page  172. 

•  •  • 

Thomas  J.  Walsh,  chairman  of  the  board  of  directors  of 
Walsh  (CoiLstruction  (Company,  New  York  (City,  and  (Carl  B. 
JaiLsen,  president  of  Dravo  (Corporation,  Pittsburgh  have 
been  chosen  to  rt*ceive  The  Moles  Awards  for  1955,  at  the 
annual  dinner-ceremony  of  the  a.ssiK-iation  at  the  Wahlorf- 
A.storia  in  New  York  on  February  2,  19.55. 

The  awards,  given  annually  since  1941,  honor  a  member 
and  a  nonmember  of  The  Moles  “for  outstanding  acliieve- 
ments  in  the  con.striiction  indu.stry.” 

Further  details  will  be  found  on  page  177. 

•  •  • 

In  our  September-October,  19.54,  issue,  we  presented  Part  I 
of  the  article  “Mining  Uranium  in  the  (Colorado  Plateau” 
in  which  the  weird  beauty  of  the  area  was  de.scribed  and 
the  uranium  program  of  the  Atomic  Energy  (Commission’s 
Raw  Materials  Division  was  outlined. 

In  Part  11,  of  the  article,  which  begins  on  page  178,  addi¬ 
tional  price  guarantees  and  bonus  payments  by  the  AE(C 
are  given;  the  leasing  of  land  for  exploration  is  described; 
and  drilling  and  blasting  techniipies  are  presented.  Also 
included  is  an  account  of  the  phenomenal  success  story  of 
(Charles  Steen  and  his  development  of  the  fabulous  Utex 
.Mine  near  Moab,  Utah. 

Plea.se  turn  to  page  178. 


ROTARY  COMPRESSORS 
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if#  construction 

of  the 

New  York  Thruway 


These  four  600  cfm  GYRO-FLO  portables  supply 
ample  air  power  for  operating  up  to  eleven  I-R  wagon 
drills  on  one  section  of  the  New  York  Thruway.  Air 
from  a  common  receiver  is  pip>ed  700  to  800  feet  to 
the  drilling  site  through  a  6"  line.  In  the  background 
is  a  completely  self-contained  I-R  Quarrymaster  for 
sinking  large,  deep  blast  holes. 


Here,  an  I-R  GYRO-FLO  supplies  abundant  air  for 
operating  a  pneumatic  pile  hammer,  driving  sheet 
piling  for  construction  of  one  of  the  Thruway’s 
many  bridges. 


The  GYRO-FLO  compressor  has  rejjeatedly  proved 
its  ability  to  operate  continuously  under  all  types  of 
working  conditions,  with  a  trouble-free  depend¬ 
ability  and  easy  portability  heretofore  not  obtainable 
in  any  portable  air  compressor. 


These  compressors  furnish  air  to  users  of  173  Inger- 
soll-Rand  Type  FM  Wagon  Drills — more  than  70% 
of  the  total  wagon  drills  on  this  project. 


design  really  pay  off.  The  GYRO-FLO  rotary  sliding 
vane  compressor  has  no  valves,  pistons,  rings,  rods 
or  clutches  to  wear  out,  adjust  or  replace.  It  delivers 
an  abundant  supply  of  oil-free  air  at  temperatures 
that  never  go  above  200  F.  And  pressure  is  auto¬ 
matically  controlled  closely  and  smoothly  all  the 
way  from  0  to  100%  capacity. 

Available  in  125,  210,  315  and  600  cfm,  GYRO- 
FLO  offers  the  only  complete  line  of  rotary  portables 
— each  size  proven  by  years  of  heavy  duty  in  the 
field.  Get  the  complete  GYRO-FLO  story  from  your 
nearest  Ingersoll-Rand  distributor  or  branch  office. 
It  will  save  you  money  now  and  for  many  years 
to  come. 

2>94 


By  early  1955,  you’ll  be  able  to  drive  from  New  York 
City  to  Buffalo— without  a  single  traffic  light  or  stop 
sign.  That’s  the  fabulous  New  York  Thruway,  a 
dream  that  I-R  Air  Power  is  helping  to  carve  out  of 
rugged  terrain  where  many  sections  arc  solid  rock. 

One  hundred  seventeen  GYRO-FLO  rotary  com¬ 
pressors,  with  a  combined  capacity  of  61,265  cubic 
feet  of  air  per  minute,  are  speeding  the  job  to  com¬ 
pletion — driving  Ingersoll-Rand  rock  drills  and  other 
pneumatic  equipment  on  this  high-speed  construc¬ 
tion  project. 

Here,  where  sustained  drilling  speed  and  uninter¬ 
rupted  production  are  of  particular  urgency,  the 
simplicity  and  dependability  of  the  GYRO-FLO 
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William  Lester  McKni^lit 

CHAIRMAN  OF  THK  BOARD  OF  DlRKCrTORS 
MINNESOTA  MINING  &  MANUFACTl’RING  COMPANY 


A  Biography 

The  career  of  William  Lester  McKiiight,  chairman  of 
the  hoard  of  directors  of  Minnesota  Mining  &  Manu¬ 
facturing  (Company,  parallels  the  growth  and  devcl 
opment  of  the  company  to  a  remarkable  degree.  The  com¬ 
pany  known  as  3M  was  founded  in  1902  on  limited  capital 
and  some  borrowed  funds;  McKnight,  a  twenty-year-old 
youth,  eijuipped  with  a  six-month-completion  certificate 
from  a  Dnlnth  business  school  and  a  capacity  for  hard  work, 
got  a  job  with  the  company  in  1907  as  assistant  bookkeeper. 
During  the  intervening  years,  3M’s  annual  sales  climbed 
from  a  few  thousand  dollars  to  $220  million  in  1953.  Mr. 
McKnight’s  long-time  insistence  on  aggre.ssive  selling,  care¬ 
ful  quality  control,  and  continuing  diversification  through 
research  and  product  development  provided  the  yeast  that 
stimulated  this  sensational  rise. 

“Mac,”  as  he  is  known  to  his  friends  and  associates,  was 
born  November  11,  1887,  on  a  farm  near  W'hite,  South  Da¬ 
kota,  the  .son  of  Joseph  and  (.ordelia  (Smith)  McKnight. 
He  completed  his  formal  education  at  Duluth  Business  Uni- 
versitv.  His  choice  of  the  school  in  Diduth  was  iiiHnenced 
by  two  factors:  it  guaranteed  to  find  a  job  for  him  upon 
completion  of  its  business  course;  he  could  live  with  rela¬ 
tives  and  thereby  keep  his  living  expenses  at  a  minimum. 

Two  years  after  joining  the  firm,  William  McKnight  was 
sent  to  Cdn'cago  to  manage  a  small  branch  office.  In  1911 
he  was  named  company  .sales  manager  and  continued  to 
headquarter  in  (Chicago.  He  was  named  general  manager 
in  1914  and  moved  to  St.  Paul.  He  w'as  elected  vice  president 
in  1915  and  was  made  president  of  the  company  in  1929. 


\s  3M’.s  chief  administrative  officer,  Mr.  McKnight  not 
only  guided  the  companv  safelv  through  the  th'pression 
years  but  e.stablished  its  business  on  a  firmer  foundation. 
The  measurement  of  his  contributions  are  reflected  in  the 
following  statistics;  in  1933,  sales  were  $4  million;  in  1938, 
$14  million;  in  194^3,  $47  million;  in  1948,  $108  million; 
in  19<53,  $220  million.  Operating  plants  are  located  in  four¬ 
teen  cities  in  the  United  States  as  well  as  in  (Canada,  Kng- 
land,  Wales,  France,  (kainany,  Mexico,  Brazil,  and  .Aus¬ 
tralia.  Domestic  sales  are  handled  from  twentv-two  branch 
offices  strategically  located  throughout  the  country. 

In  1949  he  was  again  honored  by  his  company  a.s.sociates 
by  being  chosen  to  fill  the  newly  created  post  of  chairman 
of  the  board  of  directors. 

In  addition  to  being  top  man  at  3M,  Mr.  McKnight  is  a 
member  of  the  boards  of  directors  of  Midland  Bnbber  (>or- 
poration.  National  Synthetic  BubbiT  (airporation,  Minne- 
.sota  Mining  &  Manufacturing  International  ('ompany,  and 
Minnesota  Mining  &  Manufacturing  of  ('anaila,  l.imited, 
all  affiliates  of  the  parent  company.  He  is  also  a  director 
of  First  National  Bank  of  St.  Paul;  Northwivstern  Bell  Tele¬ 
phone  Cannpany;  CJreat  Northern  Hailway  (iompany;  (Irane 
(annpany  of  Minnesota;  (diaries  T.  .Miller  Hospital,  Incor¬ 
porated;  and  a  trustee  of  Minnesota  Mutual  l.ife  Insuranct* 
(Company. 

Mr.  .McKnight  is  a  memb<*r  of  the  Nfinne.sota  (,’lub,  St. 
Paul  Athletic  (dub,  VVdiite  Bear  Yacht  (dub,  (.’at  Key  (dub 
of  the  Bahamas,  Surf  (dub  and  Indian  (T(‘ek  (.'ountrv  (dub 
of  Miami  Beach,  the  (diicago  (dub,  and  tlu*  Ibiion  League 
(dubs  in  (diicago  and  New  York. 

William  Le.ster  McKnight  married  Maud  L.  (iage  on 
October  9,  1915,  in  St.  Paul,  Minnesota.  They  have  one 
daughter,  Virginia,  who  is  married  to  James  If.  Binger,  an 
executive  of  Minneapolis-1  loneywell  Begnlator  (aimpanv. 
The  .McKnight  home  is  at  1855  Snnimit  .Avenue,  St.  Paul. 

Mr.  McKnight’s  principal  hobbies  are  playing  gin  rinniny 
with  his  friends,  and  deep-.sea  fishing  from  his  boat  in  the 
waters  off  the  coast  of  Florida. 

It  is  often  said  that  a  man  of  talent  grows  with  his  com¬ 
pany,  but  that  a  company  grows  with  a  man  of  genius. 
Associates  at  3M  belieye  William  L.  .McKnight  is  a  man  of 
genius,  and  the  rec-ord  seems  to  prove  it. 


THE  EXPLOSIVES  ENGINEER  ir  DEVOTED  TO  INCREASING  EFFICIENCY  AND 
SAFETY  IN  THE  MINING,  QUARRYING,  AND  CONSTRUCTION  INDUSTRIES 

Editorial 


Merry  CJbrlatmaa  —  Happy  New  Year 

IT’S  CHRISTMAS  and,  oiict*  again,  the  editorial  staff  of 
Thk  Exfi-osivks  ENtJiNKKH  Welcomes  the  opportunity  to  ex¬ 
tend  the  season’s  gr<*etings  and  g(M)d  wishes  for  the  New 
Year  to  all  of  its  readers  and  friends. 

Safe^  uar<J  Human  Lives 

In  announcing  the  start  of  the  National  Safety  (Competi¬ 
tion  in  January,  1925,  an  editorial  was  published  in  Thk 
Kxi'mwivks  E.n<;inkkh  which  read,  in  part: 

(Creat  though  the  need  he  for  improvements  in  lilusting  prac¬ 
tice  and  other  mining  and  (piarrying  meth(Kls  which  will  in¬ 
crease  output  and  decrease  costs,  and  worthwhile  as  is  every 
effort  toward  the  making  of  such  improvements,  it  must  he 
agreed  that  the  safeguarding  <»f  human  lives  is  even  more  im- 
|M)rtant. 

The  National  Safety  (Competition  was  launched  thirty 
years  ago  with  high  hopes  and  laudable  ideals.  During  the 
intervening  years,  there  has  been  a  definite  decrease  in  the 
accirlent  rate  among  the  companies  entered  in  this  nation¬ 
wide  competition.  I'hat  contests  of  this  type  react  favorably 
on  manageiiuMit  and  personnel  is  aderpiately  prov{*d  by 
statistics  c'ompiled  by  the  U.  S.  Bureau  of  Mines  which  em- 
phasi/e  the  (lownward  trend  of  accident-frerpiency  rates 
in  the  mineral  indu.stry. 

Industry’s  response  to  the  humanitarian  appeal  to  save 
life  is  heartening.  The  possibility  that  this  re.spon.se,  carried 
to  its  ultimate  conclusion,  will  conctdvahly  result  in  the 
elimination  of  all  disabling  accidents  in  our  mines  and 
<|uarries,  is  particularly  heartening. 

,\s  the  lM‘ginning  of  a  new  year  approaches,  we  again 
app(‘ul  to  the  opiM'ators  of  mines  and  (piarries  in  the  United 
States  to  enroll  their  properties  in  the  National  Safety  Com¬ 
petition.  join  the  campaign  today  by  c-ommunicating  with 
the  Bureau  of  Mines,  Washington  2.5,  D.  C.,  and  enroll  your 
mine  or  <|uarry  in  the  classification  that  fits  your  operations 
—  coal,  metal,  nonmetallic,  open-pit  mines,  and  cjuarries. 

Mineral  Industries  Survey  Included 
In  Oovernment  Census 

HolxTt  W.  Burgess  of  the  Bureau  of  (Census,  U.  S.  Depart- 
nuMit  of  (Commerce,  announct'd  recently  that  approximately 
.5  million  firms  in  the  mining,  manufacturing,  and  distrib¬ 
uting  industries  in  the  United  States  will  be  surveyed  during 
19.55,  under  the  (Censu.ses  of  Busine.ss,  Manufactures,  and 
Mineral  Industries.  The  (Congress  has  appropriated  $8.43 
million  for  the  job,  which  will  be  done  by  mall.  The  t'ensus 
will  cHwer  19.54  oj>erations. 

The  survey  of  mineral  industries  will  include  al)out  .35,0(X) 

HKf 


establishments  engaged  in  mining,  quarrying,  and  petro¬ 
leum  production. 

In  making  the  announcement,  Mr,  Burgess  said:  “The 
Congress  has  made  provision  for  these  important  and 
timely  censuses  so  that  up-to-date  statistical  information 
may  be  compiled  and  published  about  American  indus¬ 
tries  and  trades.  The  demand  for  this  information  has  be¬ 
come  imperative  because  the  latest  census  statistics  avail¬ 
able  are  from  7  to  15  years  old.  Both  Government  and 
private  enterprise  need  fresher  information  about  the 
nation’s  businesses  which  .serve  the  needs  of  a  population  of 
nearly  163  million.” 

InJuatrlal  Hi^li  EarpI  oalves 

The  United  States  Department  of  the  Interior,  Bureau 
of  .Mines,  reports  that  the  consumption  of  high  explosives 
by  itidustry  in  1953  amounted  to  758,8.31,(XX)  pounds.  This 
huge  amount  was  an  all-time  high,  an  increase  of  about 
•3)*  per  cent  over  the  previous  rec“ord  year  of  1952. 

Approximately  -30  per  cent  of  last  year’s  production  and 
sales  was  re<juired  to  mine  the  nation’s  coal.  Nonmetallic 
mines  and  quarries  used  23  per  cent;  construction  projects, 
iticluding  seismic  explorations,  consumed  23  per  cent;  the 
metal-mining  industry  required  22  per  cent;  and  the  re¬ 
maining  2  per  cent  was  used  for  all  other  purposes. 

Estimates  of  the  production  and  sales  of  high  explosives 
for  industry  in  19.54,  as  of  September  30,  show  a  decrease 
of  alM>ut  10  per  cent  from  the  19.53  figures.  The  decrease  is 
ac-counted  for,  primarily,  in  the  sharp  curtailment  in  coal¬ 
mining  operations  this  year  as  compared  with  19.53  activi¬ 
ties.  The  retjuirements  of  the  other  consumer  classifications, 
in  terms  of  percentage  volume,  have  been  approximately 
the  same  to  date  this  year  as  in  1953. 

II.  A.  Campbell,  director  and  chief  inspector.  Bureau  of 
Explosives,  As.s(K'iation  of  American  Railways,  reports  that 
19.53  marked  the  .32nd  consecutive  year  in  which  no  deaths 
or  injuries  (K'Ciirred  in  the  rail  transportation  of  high  ex¬ 
plosives.  This  remarkable  safety  recxird  through  many  years 
is  a  tribute  to  the  individual  employe  of  both  the  railroads 
in  the  United  States  and  the  manufacturers  of  industrial 
high  explosives  throughout  the  nation. 

Coal  Mine  Modernization 

The  1954  edition  of  Coal  Mine  Modernization,  containing 
ail  of  the  papers  and  discussions  presented  at  this  year’s 
Coal  Convention  of  the  American  Mining  Congress  on 
methods.  o|X*rating  practic'es,  and  erpiipment  for  efficient 
cxial  production  is  ready  for  distribution. 

The  pricH*  for  this  storehouse  of  information  on  coal  pro¬ 
duction  is  $.3.(X)  a  c-opy.  Orders  should  be  sent  to  American 
Mining  Congres.s,  1102  Ring  Building,  Washington  6,  D.  (]. 
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KECX)KI)INC«  SUBSURFACE  CONDITIONS:  A  member  of  a  seismic  survey  crew  of  the  CahuKan  Corp<iration  operates  instruments  in  the  cab 
of  a  truck.  The  Kcophones  are  connected  to  the  recording  instruments  by  cable.  Readings  can  he  made  to  a  thousandth  of  a  second. 


ENGINEERING  SEISMOLOGY 

As  the  aJ  vantages  of  the  seismic  methods  are  heeomin(^  more  widely  hnown, 
contractors  and  engineers  are  turning  to  seismology  for 
the  solution  of  their  subsurface  problems 


E.  K.  SANDBACM* 


Tiik  world’s  oil  industry  spends 
more  than  $250  million  annnallv  in 
surveying  subsurface  conditions  on 
land  and  under  water  by  the  .seismic 
method  of  surveying.  The  mining  in¬ 
dustry  al.so  makes  extensive  use  of 
.seismic  technitpies.  In  the  civil  engi¬ 
neering  field,  however,  it  is  only  re¬ 
cently  that  seismological  exploration 
technitpies  are  being  applied. 

Engineering  seismology  can  .solve 
many  of  the  problems  which  sometimes 
are  left  un.solved  or  are  merely  esti¬ 
mated  by  design  engineers.  As  the 
advantages  of  the  seismic  methods  are 
becoming  better  known,  more  and 

•V'icf  l^rcsident,  C!ahagan 
Construction  Corporation 
90  Broad  .Street,  New  York  4,  \.  Y, 


more  engineers  and  contractors  are 
turning  to  .seismology  for  the  .solution 
of  their  subsurface  problems. 

The  seismic  survey  has  been  suc¬ 
cessfully  applied  to  the  solution  of 
foundation  problems  for  buildings, 
power  plants,  dams,  tunnels,  high¬ 
ways,  hridge.s,  subways,  and  other  con- 
.struction  projects  where  the  depth  to 
bedrock,  the  type  of  rock  encountered, 
and  the  characteristics  of  the  over¬ 
burden  are  important.  \  brief  descrip¬ 
tion  of  the  seismic  method  of  surveying 
is  presente'd  in  this  article. 

The  Refraction  .Method 

The  refraction  method  of  .seismic 
survey  is  used  to  explore  subsurface 


conditions  from  the  ground  surface 
down  to  .5(K)  or  1,(KX)  ft.  When  applied 
to  civil  engineering  projects,  it  is  con¬ 
cerned,  nsnally,  with  shallow  survey¬ 
ing  of  the  first  few  hundred  feet  below 
the  ground  surface. 

Primarily,  the  method  is  ha.sed  on 
the  measurement  of  the  time  of  ad¬ 
vance  of  a  wave  front  generated  by  an 
explosion.  This  mea.surem(‘nt  is  ob¬ 
tained  by  recording  the  arrival  time  of 
the  wave  front  at  the  gr-ophones  placed 
on  the  ground  at  regular  intervals 
away  from  the  shot  point.  .Special  ex¬ 
plosives,  such  as  Vibrocap®  SR,  are 
rt’tjuired  in  order  to  time  properly  the 
arrival  of  the  seismic  wav<‘s.  This  in¬ 
stantaneous  detonator,  developrnl  by 
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AT  A  SHOT  POINT:  In  surveying  subsurface  conditions  by  the  seismic  method,  special  explosives,  such  as  \'ihrocap  SK,  are  required  in  order 

to  time  accurately  the  arrival  of  the  seismic  waves. 


Hcrcnlt's  Powder  (>ompaiiy,  activating 
an  electric  circuit  records  on  the 
seismic  record  the  instant  of  the  explo¬ 
sion.  The  first  arrival  times  of  the 
.seismic  waves  at  each  geophone  are 
measured  in  millisec‘onds  from  the  in¬ 
stant  of  the  explosion.  The  transmis¬ 
sion  of  these  seismic  waves  in  the  earth 
is  controlled  hv  the  same  laws  as  the 
propagation  of  light  waves.  The 
seismic  waves  are  refracted  at  any 
interface  where  a  change  of  velocity 
takes  place.  Therefore,  as  the  .seismic 
waves  penetrate  the  earth  they  are  re- 
fract(*d  by  matt*rials  of  differing  ve¬ 
locities.  The  travel  times  for  the 
different  types  of  material  between  the 
shot  point  and  the  geophones  give  the 
velocities  of  the  various  materials. 

Figure  1  is  a  typical  layout  of  a  so- 
called  three-layered  problem,  one  in 
which  three  types  of  material  have 
been  encountered,  each  with  a  progres¬ 
sively  high(*r  velocity.  The  geophones 
are  connected  by  cable  to  the  recording 
instruments,  which  are  truck-mounted. 
For  work  in  rough  terrain,  the  instru¬ 
ments  can  he  readily  removed  from  the 
truck  and  carried  anvwhere  a  man  can 
walk.  \  high-speed  camera  records  on 
paper  the  instant  of  firing  a  charge  of 
explosives  and  the  time  of  arrival  of 
the  first  .sound  wave  at  each  instru¬ 
ment.  As  the  instruments  are  placed 
at  known  distances  from  the  shot  point. 


and  from  one  another,  and  as  the 
camera  records  the  time  of  arrival  at 
each  instrument,  the  velocity  of  the 
material  recorded  at  each  instrument 
is  known.  F'or  example,  if  the  geo¬ 
phones  are  spaced  50  ft.  apart  and  it 
takes  1  1(K)  of  a  second  for  the  sound  to 
reach  the  first  instrument,  the  velocity 
recorded  is  .50  x  1(X),  or  .5,000  ft.  a  sec¬ 
ond.  The  spacing  of  the  vertical  time 
lines  on  the  rec'ording  paper  is  l/KK) 
of  a  second.  Headings  can  he  made  to 
a  thousandth  of  a  .second. 

The  depth  calculations  are  based  on 
the  time-distance  analysis  of  the  re¬ 
cordings  by  each  geophone.  The  (h*pth 
.so  calculated  will  be  that  depth  under 
the  shot  hole.  The  pattern  is  then 
reversed  by  leaving  the  cable*  in  place* 
anel  firing  an  e*xplosive*s  charge*  at  the* 
e)ppe)site*  enel  of  the*  .spre*ael.  Thus,  with 
the  ele*pths  at  e*ach  e*nel  e)f  the*  sjireael 
known,  the*  ave*rage  ele*pth  of  the*  strata 
is  known,  .'\lthongh  the*re*  may  be*  se)me* 
irre*gnlaritie*s  in  the*  be*elre)ck  surface, 
any  major  irre*gnlaritie*s  will  be  fonnel 
in  the*  inte*rpre*tatie)n  of  the*  elata  re- 
ceive*d,  anel  may  call  fe)r  aelelitional 
spre*ael.s,  ele*pe*neling  on  the*  proble*m. 

Instrument  Spread 

The*  type*  of  instrnme*nt  spre*ael  is  ele- 
te*rmine*el  by  the*  proble*m  to  be*  stndieel. 
If  a  eletailed  survey  of  the  beelrewk  is 
ref|uire*d,  instrument  spacing  will  be* 


cIo.se*r,  anel  a  close*r  griel  will  be  irsed. 
If,  e)n  the*  e)the*r  hanel,  e)nly  an  average 
elepth  e)f  the  rock  is  wanteel,  a  wieler 
spacing  between  gee)phe)nes  is  useel, 
with  a  result  that  me)re  linear  fe*et  e)f 
pre)file  may  be  obtaine*el  e*ach  elay.  The* 
ele*pth  e>f  the  be*elre)ck  al.se)  ele*te*rmines 
the  Ie*ngth  e)f  spreatl  te)  be*  useel,  since 
that  length  is  appre)ximately  thre*e 
timt*s  the*  depth  e)f  the  re)ck. 

The*  .se)-calleel  "spreael”  is  a  series  of 
12  ge*ophone*s  placeel  an  e*epial  eli.stanc*e 
apart.  If  lO-ft.  .spacing  is  u.se*el,  the 
.spre*ael  will  be*  110  ft.  lemg;  if  20  ft.,  it 
will  be*  220  ft.  long:  anel  if  .50  ft.,  .5.50 
ft.  long.  By  using  continuous  spre*ael.s 
anel  using  the*  same*  shot  hoIe*s  lor  ael- 
jace*nt  spreaels,  a  continuous  profile  is 
obtaine*el  anel  the*  inte*rpre*te*r  of  the* 
seismic  siir\e*v  data  is  able*  to  follow 
the*  subsurface*  conelitions  from  .spre*ad 
to  .spre*ael. 

As  pre*vionsly  ine*ntione*d,  it  is  the 
ve*l(Kity  e)f  the*  se)unel  waver  through 
the  subsurface  mate*rial.s  that  inelicate's 
the*  type*  e)f  material  e*ncounte*re*el.  How- 
e*ve*r,  the*  velocitie*s  in  the*  .same*  mate¬ 
rials  may  differ  from  one*  set-tion  of  the 
eonntry  to  anothe*r,  anel  frenn  enie*  sea¬ 
son  of  the  year  te)  another.  Wiele  erx- 
pe*rie*nce*  is  the*refe)re  ne*ce*ssary  fe)r  ther 
prope*r  inte*rpre*tatie)n  of  the  re*corelings 
fre)m  a  seismic  .snrve*y. 

In  ge*ne*ral,  in  the  ne)rthe*a.stern  part 
of  the  lbiite*el  State's,  the  foIle)wing 
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velocity  table  has  been  establish(*d  for 
land  exploration:  * 

1.  Velocities  from  1,5(XJ  ft.  to  2,5(X)  ft. 
jM'r  .second  usually  denote  dry, 
wind-blown  sand,  nne  dry  gravel, 
etc. 

2.  Velocities  from  3,(XX)  ft.  to  4, (XX)  ft. 
IM*r  second  usually  denote  a  heavier 
gravel  with  a  small  amount  of  clay 
binder.  Normally,  such  gravel  is 
dry. 

3.  VeltK'ities  from  4,5(X)  ft.  to  6, (XX)  ft. 
IH*r  .sticond  represtMit  either  corn- 
j)act  dry  gravels  with  some  clay 
Iiinder,  or  gravels  within  the  water 
table. 

4.  A  vtdocity  of  5, (XX)  ft.  per  second 
represents  a  varved  clay.  This  value 
is  very  constant. 

5.  Velocities  from  6,(XX)  ft.  to  a  little 
over  9, (XX)  ft.  |M*r  second  represent 
a  hard  pan  or  old  till,  which  is 
lM*avy  gravel  and  clay,  .some  of 
which  is  cemented  together  by  iron 
ru.st  or  oxidation. 

fi.  Velocities  from  10, (XX)  ft.  to  20, (XX) 
ft.  |K*r  s<*cond  indicate  In'drock. 

Under  normal  circumstances  the 
lower  vel(K*ities  indicate  a  r(x:k  that  is 
not  so  hard  and,  therefore,  does  not 
have  so  g<HHl  Iwaring  strength  as  a 
high-velocity  one.  Normally,  the  ac¬ 
tual  classification  of  the  rock  encoun- 

•  “Seismology  Applied  to  Shallow  Zone  Re¬ 
search”  hy  Daniel  I.inehan,  S.J.,  Sym|>osium 
on  Surface  and  Suhsiirface  Heconnaissanie, 
Sfiecial  Tei'hnical  Publication  No.  122,  Pub- 
lishf'd  by  Ain.  ,Soc.  Testing  Materials. 


tered  is  made  by  a  study  of  the  geo¬ 
logical  maps  of  the  region  being  sur¬ 
veyed,  supplemented  by  data  obtained 
hy  the  seismic  method. 

Underwater  Work 

Seismic  refraction  surveys  can  be 
made  under  water  as  well  as  on  land, 
and  in  much  the  same  manner.  The 
only  problem  that  arises  is  the  plant¬ 
ing  of  the  equipment  in  the  suh- 
atpieotis  materials.  If  the  underwater 
bottom  material  is  a  .soft  gaseous  or 
aerated  silt,  the  explosion  wave  may 
he  entirely  ah.sorhed  in  that  layer  and 
never  penetrate  the  harder  materials 
below,  almost  regardless  of  how  large 
a  charge  of  dynamite  is  used.  In  such 
a  case,  it  is  necessary  to  plant  the  dyna¬ 
mite  charge  below  the  soft  gaseous 
layer,  in  the  firmer  material  below.  An- 
otlu*r  problem  may  Im*  encountered  if 
the  survey  is  being  conducted  in  fast, 
shallow  water.  Then  there  will  be  dif¬ 
ficulty  in  quieting  the  unrest  of  the 
instruments  or  preventing  the  break¬ 
ing  of  the  instruments  or  cable  on  the 
bottom. 

Although  underwater  surveys  may 
pre.sent  greater  problems  and  difficul¬ 
ties  than  land  surveys,  they  have  been 
succes,sfully  operated  to  locate  bed¬ 
rock  for  dams,  bridges,  and  harbor 
facilities  where,  in  many  cases,  it 
would  have  been  impossible  to  obtain 
the  bedrock  profile  by  any  other  means. 


Interesting  Projects 
Some  of  the  more  recent  projects 
completed  or  under  way  by  the  Geo¬ 
physical  Survey  Division  of  Gahagan 
Construction  Corporation  are  sum¬ 
marized  as  follows: 

Connecticut  Expressway:  In  the  fall  of 
1953  the  Gahagan  organization  made 
a  seismic  survey  of  the  then-proposed 
new  Connecticut  Expressway.  This 
survey  was  made  for  Ammann  &  Whit¬ 
ney,  consulting  engineers,  to  help  them 
in  estimating  the  c-ost  of  construction. 
It  covered  almost  the  full  length  of 
the  right-of-way  wherever  cuts  were 
required,  and  enabled  Ammann  & 
Whitney  to  better  estimate  the 
amounts  of  loose  till,  hard  pan,  and 
bedrock  to  be  excavated. 

Mercer  Power  Site:  Jackson  &  More¬ 
land,  engineers  on  the  project,  ordered 
a  general  survey  of  a  proposed  location 
of  the  Merc'er  Power  Site  for  th'^  New 
Jersey  Power  &  Light  (Company  This 
survey  was  to  give  a  rcK-k  profile  of  the 
area  and  also  to  determine  some  of 
the  physical  characteristics  of  the  over¬ 
burden,  such  as  its  bearing  strength 
and  permeability.  General  results 
showed  a  2-ft.-deep  layer  of  top  soil 
and  silt,  which  was  underlain  by  fine 
sands  that  would  not  be  suitable  for 
heavy  foundations,  but  which  would 
be  easily  excavated  by  a  power  shovel. 
The  bedrock,  which  was  on  the  aver- 


KKKI.ING  IN  CARl.K:  Two  members  of  the  crew  in  the  field  reel  in  recording  cable  and  carry  some  of  the  seismometers.  The  type  of  instrument 

spread  is  determined  by  the  problem  to  be  studied. 
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age  25  ft.  below  ground  surface,  was 
a  hard  rock  with  exc'ellent  bearing 
strength. 

Sulphur  Creek  Dam  Site,  Washinffton 
State:  A  survey  was  made  of  the  Sul¬ 
phur  Creek  Dam  Site,  on  the  Upper 
Baker  River  in  the  State  of  Washing¬ 
ton,  for  Stone  &  VWbster  Engineering 
Corporation,  to  determine  the  bedrock 
elevations  at  the  site  of  the  embank¬ 
ment  that  would  adjoin  the  proposed 
dam.  The  survey  show(*d  that  the  area 
was  covered  by  a  top  layer  of  loose 
sands  and  gravels,  1m“1ow  which  were 
strata  of  more  compact  sands  and 
gravels  within  the  water  table,  both  of 
which  could  be  excavated  by  power 
shovels  without  blasting.  Along  the 
l,f)(K)-ft.  line  of  proposed  embankment, 
it  was  found  that  a  depth  to  bedrock 
in  excess  of  3(K)  ft.  existed  between  out¬ 
crops  which  were  apparent  at  either 
end  of  the  proposed  embankment. 

Hudson  River  Bridge  Sites:  Another 
seismic  survey  was  conducted  for  Am- 
mann  &  Whitney,  engineers,  for  the 
Port  of  New  York  .Authority,  on  pro¬ 
posed  bridge  sites  across  the  Hudson 
River,  one  at  the  Narrow's  from  Brook¬ 
lyn  to  Staten  Island  and  another  in  the 
vicinity  of  125th  Street  from  Man¬ 
hattan  to  New  Jersey.  The  purpose  of 
the  surveys  was  to  determine  the 
depths  to  bedrock  for  the  foundations 
for  the  proposed  structures.  This  work 
was  done  in  the  water  and  out  from 
the  shore  line  alwut  1,000  ft.  There 
was  no  accurate  information  available 
as  to  the  depths  to  bedrock  off  shore 
because  the  rock  was  so  deep.  In  the 
vicinity  of  125th  Str(*et  normal  pro¬ 
cedures  would  not  work  because  the 
river  bottom  was  covered  by  a  deep 
layer  of  very  gaseous  silt,  which  ab¬ 
sorbed  the  sound  wave  and  prevented 
it  from  penetrating  to  the  bedrock  be¬ 
low.  It  was  necessary,  in  this  survey, 
to  jet  casing  from  60  to  100  ft.  through 
the  silt  layer  before  a  firm  layer  of  clay 
was  reached,  which  would  properly 
generate  the  sound  wave, 

Massachusetts  Turnpike:  The  Massa¬ 
chusetts  Turnpike  Authority  is  making 
u.se  of  a  seismic  survey  by  Gahagan  of 
the  route  of  the  new  Massachusetts 
Turnpike  from  Weston,  Massachusetts, 
to  the  New  York  State  line.  This  seismic 
survey  is  being  made  for  the  nine  dif¬ 
ferent  engineering  firms  that  are  de¬ 


INSPECTINC  SEISMIC  RECORDS:  Engineers  in  the  field  inspect  seismic  records  made 
by  a  high-speed  camera.  Wide  experience  is  necessary  for  the  proper  interpretation  of  the 
recordings  from  a  seismic  survey  on  land  or  under  water. 


signing  the  various  sections  of  the  turn¬ 
pike.  The  information  received  will 
be  used  to  determine  route  location  as 
well  as  the  ({uantities  of  various  ma¬ 
terials  to  be  excavated.  The  c(M)rdi- 
nating  engineering  firm  for  the  Massa¬ 
chusetts  Turnpike  Authority  is  How¬ 
ard,  Needles,  Tammen  &  BergendoH. 
St.  Lawtence  Power  Project:  We  wert^ 
retained  by  Sanderson  &  Porter,  engi¬ 
neers,  to  make  a  seismic  survey  in  the 
swift  waters  of  the  St.  Lawrence  River 
at  Massena,  New  York,  at  the  site  of 
the  St.  Lawrence  Power  Project.  The 
purpose  of  this  survey  was  to  com¬ 
plete  the  bedrock  profile  in  the  river. 
The  New  York  State  Highway  Depart¬ 
ment  had  made  .seismic  surveys  on  land 
but  had  been  unable  to  do  the  under¬ 
water  work.  Seismic  investigations 
were  conducted  at  the  site  of  the  pro¬ 
posed  I.ong  Sault  Dam,  the  Barnhart 
Island  Bridge,  the  coffer  dams,  and 
other  l(K‘ations  to  complete  the  bed¬ 
rock  profile  for  the  project.  These 


operations  were  unusually  difficult  and 
hazardous  because  fhey  were  carried 
out  in  the  shallow  and  fa.st-riinning 
water  of  the  St.  Lawrence  River,  where 
currents  in  excess  of  15  miU's  an  hour 
were  encountered. 

Until  recently,  surveying  subsurface 
conditions  by  the  .seismic  method  has 
not  been  readily  availabh*  to  engineers 
and  construction  companies.  Now, 
however,  the  (ieophvsical  Survey  Di¬ 
vision  of  C^ahagati  ( construction  Cor¬ 
poration,  operating  from  headrpiarters 
in  New  York  City,  offers  this  service. 
Its  chief  of  operations  is  Rev.  Daniel 
Linehan,  S.j.,  one  of  the  world’s  fore¬ 
most  exponents  of  the  scMsmic  refrac¬ 
tion  method.  For  more  than  12  years. 
Father  Linehan  has  worked  closely 
with  engineers  and  contractors  all  over 
the  United  States  on  subsurface  inves¬ 
tigations  using  the  .seismic  refraction 
method.  The  success  of  his  activities 
is  attest<*d  to  by  repeat  ortlers  received 
bv  the  (>ahagan  organization. 


THE  EXPLOSIVES  ENGINEER  •  NOVEMBER-DECEMBER.  I9.S4 


171 


STRIP  MINING  COAL 
AROUND  A  MOUNTAINSIDE 

A  aummary  of  operatMtna  at  Hampton  Mines  Stripping,  700  ft. 
aLove  ground  level  near  the  town  of  Van,  West  Virginia 


IN  1948,  Westmoreland  (.oa!  (Com¬ 
pany  of  Philadelphia  contracted 
with  Ontral  Pennsylvania  (Quarry, 
Stripping  and  Construction  CJoinpany 

*Su|>erintcndent,  Ontral  Fi-nnsylvania 
(Quarry,  StrippiiiK  and 
Construction  (aiinpany 
Hazleton,  Pennsylvania 


MENRV  MINNK;* 

of  lla/.lelon,  Pennsylvania,  to  strip 
mine  hitnminons  coal  at  Hampton 
Mines  in  an  undeveloped  area  of  about 
1(),5(K)  acres  of  land  in  southern  VV'est 
X'irjrinia,  in  Boone  County,  near  the 
town  of  V'an.  The  coal  seam  is  located 
7(K)  ft.  above  the  base  of  a  hillside. 


A  winding  roadway,  3  miles  long, 
had  to  be  constructed  up  the  rugged 
mountainous;  terrain  to  provide  access 
to  the  area.  The  (dicsapt'ake  &  Ohio 
Railroad  built  a  7-mile  spur  line  from 
Clothier,  West  V’^irginia,  to  service  the 
new  mining  activities.  The  operation 


HAMPTON  MINKS'  COAL:  After  blasting  the  coal  at  Hampton  Mines  Stripping,  it  is  excavated  with  a  Bucyrus-Krie  .S4-B  shovel  with  a  2'4-cu.  yd. 
dipper  and  loaded  into  15-cu.  yd.  Euclid  trucks  for  transportation  around  the  side  of  the  mountain  to  the  head  house  above  the  plant. 
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BLASTING  RESULTS:  This  pile  of  broken  rock  is  typical  of  the  excellent  fragmentation  obtained  from  primary  blasts  in  the  variable  overburden 

of  sandstone,  slate,  and  shale  in  the  highwall  at  Hampton  Mines  Stripping. 
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floor,  it  was  necessary  to  blast  the  coal 
preparatory  to  loading  it  because  the 
ct)al  adhered  to  the  sandstone. 


Drilling  and  Blasting 

For  primary  blasting  in  the  highwall, 
6-in. -diameter  holes,  from  54  to  72  ft. 
deep  on  11 -ft.  centers,  are  drilled  hori¬ 
zontally  with  a  McCarthy  103  High¬ 
wall  drill.  The  depth  of  the  holes  is 
determined  by  the  slope  of  the  hillside. 
When  it  is  steep,  the  shorter  length 
holes  are  drilled.  When  it  is  not  steep, 
the  longer  holes  are  utilized. 

Various  grades  and  strengths  of 
dynamites  are  used  for  blasting  in  the 
overburden,  depending  on  the  ma¬ 
terial  enc-ountert'd.  In  the  shale,  ex¬ 
perience  has  shown  that  a  combination 
of  Hercules®  40  per  cent  Extra  Dyna¬ 
mite  and  Hercomite®-B  produces  ex¬ 
cellent  fragmentation  with  no  secon¬ 
dary  blasting  required.  When  the 
overburden  is  shale  and  sandstone, 
e(|ual  amounts  of  Hercules  60  per  cent 
Extra  I>ynamite  and  Hercomite-B  are 
used,  with  the  60  per  cent  grade  loaded 
into  the  back  of  each  drill  hole. 

In  the  massive  sandstone  formation 
interspersed  with  mud  seams,  tin*  ex¬ 
plosives  loaded  are  varied  to  fit  exist¬ 
ing  situations.  Experiments  have  been 
made  using  different  grades  and 


Overburden  80  ft.  High 
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DlJ.MPINti  SI’Oll,  MATKHIAL:  After  the  overburden  has  been  blasted,  a  Lima  2400  stripping 
•hovel  with  a  O'^x-eu.  yd.  dipper  excavates  and  dumps  the  s|)oi|  material  over  the  mountainside. 
This  eliminates  haulage  and  disposal  problems. 


'Hie  first  stripping  was  tlone  iii  the 
top  s(‘am  and  approximately  40  it.  of 
overburden  —  a  massive  sandstone  for¬ 
mation  with  mud  seams  —  was  exca¬ 
vated.  .After  the  strippt'd  coal  was 
loaded,  a  McCarthy  36-in.  coal-auger 
drill  was  list'd  to  recover  additional 
tonnage.  Eater,  work  in  the  top  seam 
was  abandoiii'd  anti  tipt'ratitins  were 
transferred  tti  the  lower  .seam. 

In  places  wht*re  the  ttip  seam  had 
been  strippi'tl,  the  Itiwer  seam  bail  an 
ovtTl>urtlt‘ii  etiver  tif  shale  anti  slate 
from  18  tt)  30  ft.  .After  both  seams  were 
strippeii,  the  highwall  tif  tiverbiirden 
inatt'rial  exteutletl  tti  a  height  of  80  ft. 


(;()AL  !5-KT.  TIIIC^K:  The  traclor-marked  fltMir  of  the  pit  between  the  highwall  and  the  spoil 
hank  at  Hampton  Mines  Stripping  is  a  block  of  Hampton  seam  solid  coal  70  ft.  wide,  .'lOO  long, 
and  5  ft.  deep,  ready  for  recovery. 


knttwii  ttulay  as  Hampton  Mines  Strip¬ 
ping,  is  averaging  a  prtidnetion  of  8(K) 
ttms  t)f  strip  coal  a  d.iy,  Westmtireland 
(a>al  tiperates  deep  mines  in  the  area, 
which  protlnce  an  average  t)f  2,400  tons 
tif  etial  a  flay. 

In  the  bf'ginning,  the  strip-mining 
tiperatioiis  were  carrietl  on  in  the 
Upper  anti  the  Etiwer  Hampttin  Seams. 
I'hese  seams  are  separated  by  a  shale 
ffirmatifin  varying  in  thickness  from  18 
tt)  .30  ft.  The  cfial  in  the  upper  seam 
is  6  tt)  7  ft.  thick;  in  tht*  lowt'r  seam, 
the  ctial  is  5  to  6  ft.  thick. 


When  shale  ctmiprised  the  overburden, 
the  drilling  and  bla.sting  dt'tails  pre¬ 
sented  no  imnsual  problems.  Where  a 
combination  of  slate  and  sandsttme 
fiecnrred,  it  was  difficnit  to  maintain 
normal  stripping  progress. 

VV'hen  sandstone  was  present  in  the 


strengths  of  dynamites,  with  the 
charges  detonated  by  both  regular 
electric  blasting  caps  and  short-period 
delay  electric  blasting  caps.  Much 
progress  has  been  made  in  developing 
the  most  satisfactory  explosives  com¬ 
binations  to  use  to  obtain  desired  re¬ 
sults. 

All  of  the  dynamite  grades  used  by 
Central  Pennsylvania  Quarry,  Strip¬ 
ping  and  Construction  Company  at 
Hampton  Mines  Stripping  are  packed 
in  23G  cartridges  with  tapered  ends. 
The  cartridge  size  for  the  two  Extra 
grades  is  5  in.  by  25  lb.  For  Herco- 
mite-B,  the  cartridge  size  is  5  in.  by  20 
11).  The  explosives  loading  ratio  for  pri¬ 
mary  blasts  is  0.38  lb.  of  dynamite  per 
one  cu.  yd.  of  overburden  in  place. 


BI.ASTING  TIIK  COAL;  When  coal  in  a  pit  ha.s  to  be  blasted,  holes  .1  ft.  deep  spaced  on 
8  by  8-ft.  centers  are  drilled  with  the  portable  drill  rig.  and  each  hole  is  loaded  with  three 
cartridKes  of  40  per  cent  Kxtra  Dynamite. 


Priming  and  Stemming 


'rhe  e\plosi\es  charges  loaded  into 
the  drill  holes  are  primed  with  Hercu¬ 
les®  Electric  Blasting  Caps  with  fiO  ft. 
leg  wires.  The  cap  leg  wires  are 
covered  with  the  usual  plastic  insula¬ 
tion  and  ail  extra  covering  of  cotton- 
based  mat(*rial  to  make  them  espec-iallv 
durable.  Some  Hercules  Short-Period 


•After  the  loading  and  priming  de¬ 
tails  are  completed,  the  charged  hoU?s 
are  tamped  with  20  ft,  of  stt'inming. 
Drill  cuttings  packed  into  laminated 
asphalt  bags,  size  3Ji  bv  4  by  24  in.,  are 
used  as  the  stemming  material.  .About 
15  bags  are  loaded  into  each  hole,  one 
bag  at  a  time. 


Delav  Electric  Blasting  C^aps,  ranging 
from  the  first  delay  period  through  the 
tenth,  are  also  used.  Th(*  latter  type 
of  detonator  is  employed  when  Prima- 
cord*  is  placed  in  the  drill  holes  as  the 
primer  for  the  dynamite  charges.  In 
such  instances,  the  short-period  delav 
eU'ctric  blasting  caps  are  tapetl  onto 
the  end  of  the  Primacord  at  the  collar 
of  (‘ach  loaded  hole. 


HcK.  U.  S.  I’af.  Off.  by 

'I'hc  KnsiKii-Hickford  ('ompuny 


STRIP  MINING  SUPERINTENDENT: 
Henry  Minnig  is  superintendent  of  strip-min¬ 
ing  operations  at  Hampton  Mines  Stripping 
near  Van,  W'est  Virginia,  for  t^entral  Pennsyl¬ 
vania  Quarry,  Stripping  and  ('onstruction 
Gompany. 


AT  THE  HEAD  Hf)USE:  After  making  the  P/^-mile  trip  from  the  strip  mine  to  the  head  house, 
a  Euclid  truck  dumps  a  load  of  coal  into  one  of  the  bins.  iJeliveries  of  strip  mine  coal  to  the 
head  house  average  8(MI  tons  a  day. 


Loading  the  C'oul 


Euclid  trucks.  The  Euclids  transport 
the  coal  around  the  side  of  the  moun¬ 
tain  to  blending  bins  at  the  prepara¬ 
tion  plant.  .An  average  of  <S(K)  tons  of 
strip  coal  is  transportt*d  to  the  plant 
each  day.  At  present,  the  loading 
point  in  the  strip  pit  is  IJ*  miles  from 
the  preparation  plant.  A  roadway  is 
constructed  on  top  of  the  spoil  bank 
with  the  D-8  hulldo/er  and  maintained 
with  the  road  grad<‘r.  It  is  kept  in 
excellent  condition  so  that  the  trucks 
can  make  the  round  trip  with  spe(*d 
and  safety. 

The  production  from  both  the 
Hampton  Mines  .Stripping  and  the 
Westmoreland  deep  mines  is  delivered 
to  four  bins  iu  the  head  house,  one  bin 
receiving  the  strip  coal  and  the  other 
three  bins,  th(*  deep-mine  coal.  All  of 
the  coal  is  blended  in  the  proportion 
of  25  p(‘r  c(‘nt  strip  coal  and  75  per 
cent  d(*t‘p-mine  coal.  The  blending  is 
accomplished  through  the  medium  of 
speed  changers  on  four  feeders,  which 
are  under  the  direct  control  of  an  oper¬ 
ator  stationed  at  the  top  of  the  bins. 

Tlx-  operations  of  ("entral  Pennsyl¬ 
vania  (^iiarrv.  Stripping  and  (construc¬ 
tion  (companv  are  directed  by  W.  Cl. 
Morris  Butler,  president;  W.  (c.  M. 
Butler,  Jr.,  vice  president  and  general 
manager;  (.’.  T.  Butler,  ext*cutive  vice 
president;  and  L.  L.  Butler,  .secretary 
and  treasurer.  Ilenrv  Minnig  is  super- 
intend(‘ut  of  Hampton  Mines  Stripping. 


After  the  stripping  of  the  ov<*rhurden 
is  i-omph'ted,  the  c-oal  is  ch-aned  hv 
.scraping  it  with  a  Caterpillar  road 
grader  and  sweeping  it  with  a  hr(M)m 
attachnx‘nt  on  tlx-  Tractair  portahh* 
tirill  rig.  If  ix‘c<‘ssary,  it  is  blasted  with 


MODF.KN  KOADW.AY:  A  roadway  is  constructed  on  top  of  the  spoil  bank  with  a  D-8  hull- 
dor.er  and  a  road  Kutder.  It  is  maintained  in  excellent  condition  to  expedite  truck  travel 
between  the  strip  mine  and  the  head  house. 


TIIK  HI.KNDING  BINS:  At  the  head  house,  strip  mine  coal  is  dumped  into  one  bin  and  deep 
mine  coal  into  the  other  three.  The  coal  is  blended  in  the  proportion  of  Vi  strip  mine  and 
*i  deep  mine  hy  spt-ed  chaiiKers  on  four  feeders. 


.After  blasts  in  the  massive  saud.stonc 
with  hxkI  .seams,  some  large  boulders 
are  usually  present  in  the  hanks  of 
broken  material,  having  been  rolled 
out  between  the  mud  seams  which  dis¬ 
sipate  the  actx)n  of  the  explosives.  P'or 
secoixiarv  blasting  of  the  boulders, 
Ixtles  are  drilled  with  a  la*  Boi  Trac¬ 
tair  portable  drill,  a  combination  .T^-hp. 
tractor  and  a  l()5-c.f.m.  air  compressor, 
with  a  drill  rig  mounted  on  tlx*  rt-ar. 
It  is  a  verv  conveni(*nt  drilling  unit  as 
it  eliminat(*s  the  carrving  of  jackham¬ 
mers  over  a  pih*  of  irregular  sizes  of 
blast(‘(l  mat(‘rial.  'I'lx*  hoh-s  art*  loaded 
with  II4  bv  8-in.  cartridges  of  40  per 
c<*nt  Extra  Dynamite. 

As  tlx*  coal  s<*am  is  located  high  on 
a  hillsid(*,  tlx*  blast(‘d  oyerburden  is 
cast  ov(‘r  the  hill  and  no  haulage  is 
r(*(|uired  A  I  .ima  24(M)  stripping  shovt-l 
with  a  fW-cii.  vd.  dipp<*r  is  u.s«*d  to  (‘xca- 
vate  aixl  dump  tlx*  spoil  material.  .A 
Caterpillar  I)-8  bulldozer  is  emploved 
to  assist  in  tlx*  disposal  opc-rations. 


small  charges  of  40  per  c<*nt  Extra 
Dvnamite  before  being  load(*d  out. 
Several  thousaixl  tons  of  coal  are  kept 
r(*adv  for  loading  so  that  normal  opt-r- 
ations  can  continne  if,  for  any  reason, 
the  stripping  .shov(*l  shonid  be  t(*mpo- 
rarily  inactive. 

'I'he  strip  coal  is  loaded  out  yvith  a 
Bucvrus-Erie  54-B  shov<*l  e(|uipp(‘d 
yy  ith  a  2!j-cu.  vd.  dijjper  into  15-cu.  y<l. 


I'T« 
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Thomas  I.  Walsh 


Carl  B.  Jansen 


THE  MOLES  AWARDS  FOR  1955 


Plaques  and  eitations  to  he  awarded  Thomas  J.  Walsh  and  Carl  B. 
Jansen  for  outstanding  contrihutions  t«>  construction  progress 


WHKN  members  and  guests  of  Tin* 
Moles,  a  New  York  association 
of  tunnel  builders  and  beavv-constrnc- 
tion  men,  convene  in  tbe  VV'aldorf- 
Astoria  Hotel,  New  York  C>itv,  on  Feb¬ 
ruary  2  for  the  animal  dinner-ceremony 
of  the  association,  the  1955  awards  for 
outstanding  achiesements  in  tbe  con¬ 
struction  industry  will  be  presented  to 
Thomas  J.  Walsh,  a  member,  and  to 
C'arl  B.  Jansen,  a  nonmember. 

Thomas  J.  Walsh 

Thomas  J.  Walsh,  member  recipient, 
is  chairman  of  tlu*  board  of  directors 
of  Walsh  Construction  (Company,  New 
York  (aty.  The  award  to  Mr.  Walsh 
crowns  a  long  record  of  achievement 
in  the  construction  industry,  dating 
back  to  1907.  In  that  year  he  joined 
th<*  company  fonnded  by  his  father, 
after  having  finish(‘d  the  baseball  sea- 
.son  as  a  catcher  with  the  ('hicago  Cobs. 


Mr.  VV'alsh  is  a  graduate  of  St.  Mary’s 
(>ollege  in  Kansas. 

Before  his  election  as  board  chair¬ 
man,  Mr.  VV'alsb  was  president  of 
Walsh  (Construction  (Companv  from 
1916  to  1946.  World  tainous  in  the 
field  of  railroad  construction,  tbe  com¬ 
pany  has  ilriven  more  tunnels  than  any 
similar  organization  in  tbe  world.  It 
was  one  of  a  group  of  firms  that  built 
the  first  Crand  (Coulee  dam;  it  was  one 
of  four  companies  that  erected  tbe 
United  Nations  secretariat  building;  it 
helped  in  the  construction  of  air  bases 
in  France  for  the  U.  S.  Army  Air  (Corps; 
and,  at  pre.sent,  it  is  busy  building  air 
bases  in  Spain. 

Carl  B.  Jansen 

(Carl  B.  Jansen,  nonmeinber  recip¬ 
ient,  is  president  of  Dravo  (Corpora¬ 
tion,  Pittsburgh,  Pennsylvania.  The 
award  to  Mr.  Jansen  culminates  a  .series 
of  successful  accomplishments  during 


tbe  past  32  years.  He  became  associ¬ 
ated  with  tbe  Dravo  (Corporation  im¬ 
mediately  lollowing  bis  graduation 
from  Union  (College  in  Schenectady  in 
1922.  During  tbe  intervening  years,  he 
has  held  tbe  following  positions  with 
the  Dravo  organization:  field  engineer, 
construction  superintendent,  general 
superintendent,  assistant  to  the  presi¬ 
dent,  manager,  general  manag(‘r,  and 
president  since  1946. 

.Some  of  the  many  large  projects  on 
which  Mr.  Jan.sen  directed  operations 
for  Dravo  include  the  Fa.st  Bay  cros.s- 
ing  of  tin*  San  Francisco  Bay  Bridge, 
subways  in  Pbilad(‘lphia,  and  a  section 
of  the  D«*laware  Biver  Aipieduct.  Dur¬ 
ing  World  War  1 1,  the  Dravo  (Corpora¬ 
tion  built  twin  shipways  at  Newport 
News,  Virginia,  where  some  of  the 
world’s  largest  aircraft  carri«*rs  were 
built  for  war  s(*rvice  with  the  United 
States  military  forces. 
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TIIK  I'KAVAN  PLANT:  The  large  uranium  ore-treatment  mill  of  United  States  Vanadium  C^ompany  at  Uravan  overlooks  a  part  of  the  San 

Miguel  River  V'alley  in  Colorado. 

MINING  URANIUM 

IN  THE  COLORADO  PLATEAU 

AetivSties  in  a  65,000-8quare  mile  area  rival 
the  fahulous  California  ^old-rush  da^s 

CHARLES  F.  THOMAS* 

PART  II 


Anotiikk  iiicrntivf  providttl  tinder 
i  the  Aet  i.s  tlie  payment  of  a  de¬ 
velopment  allowance  of  50  ct'iits  a  11). 
for  ores  assaying  O.IO  per  cent  or  more 
nraninm.  This  was  done  l)ecau.se  of 
expenditures  nec'essary  for  maintaining 
and  increasing  the  developetl  re.serves 
of  ore.  Operators  who  accept  this  al¬ 
lowance  must  agree  to  spend  such 
funds  for  the  further  development  or 
exploration  of  their  properties.  A  haul¬ 
age  allowanct*  of  0  cents  a  ton-mile  for 
transportation  of  ore  purchased  under 
the  latter  amendment  is  also  made  for 
haids  up  to  1(K)  mile.s. 

•P.  ().  Box  1017 
Kphrata,  Washington 
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An  additional  premium  of  75  cents 
a  pound  is  paid  for  each  pound  of  ura¬ 
nium  in  exce.ss  of  4  lb.  per  short  ton. 
.\  premium  of  25  cents  a  pound  is  paid 
for  each  pound  in  excess  of  10  Ih.  of 
uranium  per  short  ton. 

.'\n  initial  production  bonus  will  also 
be  paid  by  the  Commission  on  the  first 
10, (XX)  lb.  of  acceptable  uranium-bear¬ 
ing  ores  delivered  to  mills  or  to  Com¬ 
mission  ore-buying  stations  from  new 
mining  properties.  These  bonus  pay¬ 
ments  per  pound  of  uranium  oxide 
range  from  $1.50  for  ores  assaying  0.10 
per  cent  U.-tCL  to  $3.50  for  ores  assay¬ 
ing  0.20  per  cent  U.iOs.  The  payments 
amount  to  a  maximum  bonus  of  $15,000 


to  $35,(XX),  depending  on  the  grade  of 
ore  delivered.  The  purpose  of  the 
bonus  payments  is  to  encourage  and  to 
assist  the  development  of  new  sources 
of  domestic  uranium  production  and 
to  provide  an  incentive  for  the  delivery 
of  higher  grade  ore.  The  AEC  has  an¬ 
nounced  that  up  to  April  16,  1954,  in¬ 
itial  production  bonuses  totaling  more 
than  $'3,263,(XX)  had  been  paid. 

Grand  Junction,  Colorado 

The  location  of  the  operations  office 
of  the  Atomic  Energy  Commission  at 
Grand  Junction,  Colorado,  is  both  eco¬ 
nomical  and  strategic.  Within  a  few 
hours,  any  point  in  the  region  may  be 
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reached  by  automobile.  Few  of  the 
roads  permit  travel  speetls  of  more 
than  35  miles  an  hour.  Five  service  di¬ 
visions  of  the  Commission  are  located 
at  Grand  Junction,  namely,  Construc¬ 
tion  and  Supply,  Finance,  Legal,  Se¬ 
curity,  and  Personnel.  Also,  three  oper¬ 
ating  divisions.  Exploration,  Mining, 
and  Processing,  have  their  headquar¬ 
ters  at  this  location.  The  United  States 
Geological  Survey  maintains  offices 
within  the  Compound,  as  the  head¬ 
quarters  area  is  known.  Four  contrac¬ 
tors,  American  Smelting  and  Refining 
Company,  National  Ixad  Company, 
VValker-Lybarger  Construction  Com¬ 
pany,  and  Galigher  Company,  operate 
from  the  Grand  Junction  headquarters 
of  .\EC.  Approximately  1,200  employes 
are  now  working  there  for  the  AEG, 
the  uses,  and  various  contractors. 

In  1939,  the  U.  S.  Geological  Survey 
began  to  make  careful  studies  of  the 
carnotite  deposits.  Investigations  were 
continued  as  a  strategic  minerals  proj¬ 
ect  through  1945,  aided  by  the  State  of 
Colorado  and  the  Colorado  Metals 
.Mining  Fund.  Since  1947,  in  conjunc¬ 
tion  with  the  AEG,  the  USGS  has  con¬ 
tinued  its  extensive  study  of  the  de¬ 
posits.  As  late  as  1952,  it  was  not  real- 
i/.t‘d  that  uranium  was  largely  present 
in  other  measures  in  the  geologic 
“stack.”  In  1947,  the  Geological  Survey 
commenced  a  large-scale  program  of 


diamond-drill  exploration  in  the  Morri¬ 
son  formation  in  the  Uravan  mineral 
belt.  .Most  of  the  earlier  mining  work 
in  the  region  had  (K-curred  at  the  out¬ 
crop  of  the  measures  along  the  winding 
cliffs  and  canyons.  A  limited  amount  of 
exploratory  drilling  had  been  done  by  a 
few  claim  owners,  as  an  aid  to  more 
economical  development.  However, 
the  USGS  widened  the  scope  of  its 
work  by  moving  back  to  the  higher 
ridges  between  the  outcrops.  While 
the  drilling  by  private  operators  was 
generally  to  shallow  depths,  the  Geo¬ 
logical  Survey  drilled  to  greater  depths 
in  order  to  properly  explore  the  for¬ 
mations.  Drilling  averaged  135  to  140 
ft.  in  depth.  It  developed  that  in  the 
Morrison  formation,  with  its  lenticular 
deposits,  the  measure  varied  from  20 
ft.  to  more  than  80  ft.  thick. 

Drilling 

From  early  1948  through  the  calen¬ 
dar  year  1953,  the  total  footage  drilled 
in  the  Colorado  Plateau  by  the  Atomic 
Energy  Commission  and  the  Geologi¬ 
cal  Survey  exceeded  3)*  million  ft. 
Through  the  same  period,  private  firms 
drilled  an  additional  3}j  million  ft., 
making  a  grand  total  of  7  million  ft. 
It  is  <*stimated  that  the  Government 
agencies  have  drilletl  more  than  1  mil¬ 
lion  linear  ft.  during  the  fiscal  year  end¬ 
ing  June  30,  1954.  .\t  present,  private 


firms  are  now  drilling  much  greater 
footage  than  the  Government  forc'es, 
with  expenditures  amounting  to  about 
two-thirds  of  the  total  cost  of  the  ex¬ 
ploratory  drilling. 

Most  of  the  drilling  by  the  Govern¬ 
ment  agencies  has  been  done  with  dia¬ 
mond  drills.  The  field  activities  of  the 
private  firms  include  many  4)i-in.  ro- 
tarv  drills,  diamond  drills,  and  36-in. 
calyx  drills.  A  few  churn  drills  and 
.several  percussion-type  drills  are  also 
in  operation.  The  cuttings  from  mo.st 
of  the  dry-type  drilling  are  recxivered 
for  testing  with  a  Geiger  counter  or 
other  eejuipment.  With  the  diamond 
drill,  the  core  from  the  measure  pro¬ 
vides  an  excellent  sample,  which  may 
be  readily  tested.  Sensitive  tt^sting 
e(|uipment  has  also  be<*n  designed, 
which  may  be  lowered  into  holes  5(K) 
ft.  or  more  in  depth  ami  reactions  de¬ 
termined  wherever  they  occur.  It  is 
estimated  that  there  are  more  than  175 
drilling  contractors  in  the  field.  In  De¬ 
cember,  1953,  the  AFIC  reported  1(X) 
diamond-drill  rigs,  30  rotary  rigs,  and 
8  percussion  rigs  available  for  contract 
work.  Since  then,  the  number  has 
be<*n  increased. 

'I’he  rate  of  drilling  varies  with  the 
tvpe  of  rig  u.sed.  Diamond-drill  rigs 
are  rt‘ported  to  average  70  ft.  or  more 
a  day.  The  rotary  rigs,  reported  to  be 
performing  about  30  per  cent  of  the 


TYPICAL  I'KA.MUM  MINK: 


Shown  here  is  a  erns.s  section  of  a  typical  uranium  mine  showiiiK  the  ore  iMKiies  in  hlack  and  several  miniiiK  pro¬ 
cedures.  About  200  small  mines  like  this  are  scattered  throuf{hout  the  area. 
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DIAMOND  DRILLING:  An  outfit  from 
Texas  at  work  diamond  drillinx  a  hole  into 
the  C'hinle  formation,  estimated  to  he  600  ft. 
below  the  surface. 


NAVAJO  INDIANS:  Navajo  Indian  miners  at  the  site  of  Monument  No.  2  operations  of 
Vanadium  Corporation  of  America  in  northeastern  Arizona.  The  Navajos  have  proved  to  be 

steady,  reliable  workmen. 


drilling  doiu'  in  the  area,  produce  an 
average  of  5(K)  ft.  a  day. 


Blasting 

As  is  cii.stoinary  in  most  minitig  and 
(piarrying  operations,  the  drilling  and 
blasting  of  ore  and  rock  in  the  nraniinn 
fields  of  the  CJolorado  Plateau  are 
adapted  to  the  ground  conditions  en¬ 
countered.  A  few  of  the  smaller  oper¬ 
ators  use  the  old-fashion(‘d  method  of 
drilling  with  handsteel  and  a  “sitigle- 
jack,”  or  a  4-11).  hammtT.  Most  of  the 
small  producing  outfits  use  jackham¬ 
mers.  Detachable  l)its,  with  their 
longer  life  and  ease  of  handling,  are 
replacing  the  older  hand-  or  machine- 
sharpened  drill  steel. 

Tin*  majority  of  the  mines  through¬ 
out  the  uranium  field  are  now 
(‘ipiipped  with  one  or  more  standard 
portable  compressors.  Their  capacities 
vary  from  fiO  to  0(K)  c.f.m.,  depending 
on  the  amount  of  drilling  required 
each  day.  Outfits  commencing  oper¬ 
ations  usually  rent  th(‘ir  equipment 


DRILLING  A  BLAST  HOLE:  A  miner  with  a  n>ck  drill  mounted  on  a  jackleg  drills  a  hole 
into  the  ore  preparatory  to  firing  a  blast  in  one  of  U.  S.  Vanadium  Company's  mines. 


from  machinery-supply  dealers  in 
Grand  Junction,  Salt  Lake  City,  or 
Denvt*r.  Practically  everv  tvpe  of 
etpiipnu'iit  rtnpiired  can  be  furnished, 
with  the  rental  charges  applying  on 
the  purchase  prices  if  .so  desired. 

Small  compressors  supplying  air  for 
a  single  jackhammer  can  be  hooked  be¬ 


hind  a  light  pickup  truck  or  an  automo¬ 
bile  and  moved  from  claim  to  claim. 
Where  mining  is  permanently  de¬ 
veloped,  pipe  lines  varying  in  size  from 
D*  to  3  in.  in  diameter,  convey  air  close 
to  the  working  faces  where  hose  con¬ 
nections  complete  the  installations  to 
the  drills. 
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THE  NATURITA  MILL:  This  is  the  mill  of  Vanadium  Corporation  of  America  located  3  miles  from  Natiirita,  ('olorado,  on  the  San  MiKtiel  Kiver. 


A  few  drill  holes,  strategically  placed 
in  the  soft  carnotite  formations,  will 
break  a  maximum  of  ore  with  a  mini¬ 
mum  of  dynamite.  Miners  become 
adept  in  gauging  the  amount  of  ex¬ 
plosives  to  use  in  a  blast  to  avoid 
throwing  or  scattering  the  ore.  In  most 
workings,  it  is  unusual  to  drill  a  round 
of  more  than  five  holes,  each  5  ft.  det*p. 
The  holes  often  break  20  to  30  tons  of 
ore.  Becau.se  of  the  unstable  nature  of 
the  formations  overlying  the  carnotite, 
much  timbering  is  requireil  to  support 
rock  slabs  loosened  by  light  blasting. 
Usually,  a  2.5%  strength  ammonia-type 
dynamite  is  used,  with  some  40% 
stri'iigth  grades  used  in  the  denser  for¬ 
mations  encountered. 

In  drilling  and  bla.sting  .sand.stone, 
closer  spotting  of  drill  holes  is  reejuired 
to  obtain  the  smaller  sized  fragmenta¬ 
tion  re(juired  by  the  mills. 

Both  wagon  drills  and  jackhammers 
are  used  in  the  few  stripping  opera¬ 
tions  thus  far  undertaken.  As  with  coal 
and  other  minerals,  stripping  is  not 
economical  where  the  overburden  is 
tof)  deep  or  heavy,  or  hauls  of  the  waste 
materials  excessive.  Vanadium  Cor¬ 
poration  of  America  at  Monument  No. 
2  mine  in  northeastern  Arizona,  and 


Anaconda  (>opper  (.'ornpany  at  CJrants, 
N(‘w  Mexico,  have  been  engaged  for 
many  months  in  heavy  stripping  pro¬ 
grams.  Uniform  programs  of  drilling 
and  blasting  are  closely  followed. 
No  springing  of  holes  is  undertaken 
since  most  of  the  measures  are  brokt'Ji 
without  unusual  difficulties.  No  verti¬ 
cal  fractures  or  seams  occur  to  impede 
the  economical  drilling  of  the  mea.sures. 

In  many  of  the  smaller  mines  safety 
fuse  attached  to  bla.sting  caps  is  used 
for  firing  rounds.  In  the  larger  mining 
operations,  electric  delay  detonators 
are  irj  general  use.  In  conformance  with 
state  mining  laws  governing  the  u.se 
of  explosives,  permissible  powders  are 
u.sed  in  many  underground  operations. 

Government  Leases 

Much  of  the  land  in  which  the  carno¬ 
tite  deposits  are  found  is  public  do¬ 
main.  As  the  exploration  work  pro¬ 
gressed  and  the  value  of  the  measures 
was  determined,  certain  public  lands 
were  withdrawn  from  entry.  To  date, 
a  total  of  4.30,(KK)  acres  has  been  with¬ 
drawn.  This  was  done  to  prevent 
wholesale  exploitation  and  profiteering 
where  the  deposits  w<*re  proved  at 
Government  expen.se.  In  its  place,  the 


(Government  has  set  up  a  leasing  pro¬ 
gram,  whereby  responsible  individuals 
or  organizations  mine  the  ore  und(‘r 
most  of  the  same  benefits  as  on  pri¬ 
vately  owned  land. 

AKC  mining  leases  are  desirable  be- 
cau.se  the  closely  spaced  drilling  in  the 
exploratory  work  defines  the  ore  limits 
and  the  thickness  of  the  deposits.  All 
drilling  information  relative  to  the  ex¬ 
tent  of  the  deposits  is  available  for  the 
lea.se  applicants  when  .selected  for  a 
minitig  lea.se.  PTorn  a  current  li.st  of 
more  than  300  applicants  for  leases, 
tho.se  best  ({ualified  are  first  offered  the 
opportunity  to  mine  the  ground.  (Qual¬ 
ifications  are  (‘stablished  on  abilities  to 
financ(‘,  manage,  and  mine  the  ores  on 
the  claims  available  for  lease.  (Certain 
minimum  (pialifications  are  required  of 
every  lea.se  applicant.  He  must  be  an 
American  citizen  at  least  21  years  of 
age,  and  h  ive  had  at  least  three  years’ 
uranium-mining  experience,  or  five 
years  of  general  mining  experience,  of 
which  he  must  have  been  iti  charge  of 
operations  for  two  years. 

Many  c'onflicts  in  titles  have  oc¬ 
curred  wh<‘re  mining  claims  have  lH*en 
filed  on  lanrl  previously  covered  by  oil 
leases.  The  AEG  has  lent  every  aid 
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TIIK  I’TKX  MINK  C'AMP:  A  bird’s-eye  view  of  the  camp  at  Utex  mine.  The  shaft  headframe  is  at  lower  left,  the  slope  adit  is  at  the  left  of 

the  headframe,  and  the  stock  pile  is  down  in  the  canyon. 


p()ssil>l(‘  to  clarify  these  situations. 
Hecent  h'^islatioii  passed  by  Otnj'ress 
pt'rmits  innitiple  use  of  such  lands  by 
two  different  claim  or  lease  holders. 
Several  bnndrt'd  wells  have  been 
drilled  over  the  area  in  a  search  for  oil. 
Undonhtetlly,  many  wells  have  been 
drilled  through  existing  strata  of  radio¬ 
active  ores  which  would  have  bwn 
tnnch  more  valuable  than  the  gases 
tapped  in  the  measures. 

Where  minerals  are  disettvered  on 
land  within  the  Navajo  Heservation,  all 
l(‘asing  is  handled  through  an  office 
established  at  Windowrock,  Arizona. 
A  h'asing  fee  of  15  per  cent  of  the  value 
of  ores  mint'd  within  the  area  is  return¬ 
able  to  the  Dt'partment  of  Indian  Af¬ 
fairs  to  be  expended  on  schools,  roads, 
and  other  benefits.  Many  large  de¬ 
posits  of  nraninm  have  been  found 
within  the  reservation.  Mining  c'om- 
panies  are  retpiired  to  use  mostly  In¬ 
dian  lalmr.  I'he  Indians  make  good 
miners  and  the  effect  of  the  high  wages 
they  are  receiving  for  their  work  is  re- 
flectt'tl  in  the  modern  automobiles  and 
pickups  many  are  driving. 

Buying  and  Shipping  Stations 

At  strategic  |)oints  over  the  four 


.states,  buying  and  shipping  stations 
are*  located  on  rail  lines  or  highways. 
Producers  haul  their  ore  to  these  points 
in  trucks,  where  it  is  sampled  and 
loaded  into  railroad  cars  for  shipment, 
or  for  delivery  to  the  several  mills  now 
processing  uranium.  One  hundred  per 
c<*nt  of  the  ore  mim'd  in  the  region  is 
produc'ed  and  delivered  to  rt'ceiving 
stations  by  private  industry. 

With  the  exception  of  the  uranium¬ 
processing  plant  at  Monticello,  Utah, 
all  plants  or  mills  are  privately  owned 
and  operated.  At  Durango  and  at 
Naturita,  Colorado,  mills  are  owned  by 
\'anadium  C^orporation  of  America,  .^t 
Hifle  and  Uravan,  (lolorado,  plants  are 
owned  by  United  States  Vanadium 
(a)mpany.  A  plant  at  Grand  Junction, 
(a)lorado,  is  owned  and  operated  by 
C>limax  Uranium  Co.  At  Salt  Lake  City, 
the  Vitro  Uranium  Company  operates 
a  mill.  The  Covernment-owned  mill  at 
Monticello  is  operated  by  the  Galig- 
lu'r  Company  under  a  contract  with 
the*  AEG.  Anaconda  Copper  Company 
operates  a  newly  completed  mill  at 
Cirants,  New  Mexico.  The  Kerr-Mt'Cee 
Oil  Industries  are  constructing  a  mill 
at  ShiprcK'k,  New  Mexico,  and  another 
new  mill  is  to  be  started  s(K)n  at  Moab, 


Utah.  All  urapium  concentrates  pro¬ 
duced  in  the  western  part  of  the  United 
States  are  purcha.sed  by  the  Grand 
Junction  operations  office  of  the  AEC. 

To  assist  industry  in  finding  proc¬ 
esses  for  extraction  of  uranium,  the 
Atomic  Energy  (>ommission  operates 
pilot  plant  facilities.  These  are  small- 
■scale  mills  where  actual  test  work  can 
be  performed  and  results  observed  by 
those  studying  the  processes.  The  pilot 
plant  at  Grand  Junction  is  operated  by 
the  National  I.ead  Company. 

Health  and  Safety 

Since  1950,  the  United  States  Public 
Health  Service  has  been  conducting 
physical  examinations,  at  regular  pe¬ 
riods,  of  the  men  employed  in  the 
uranium-mining  industry.  The  pro¬ 
gram  ties  in  with  the  health  and  safety 
work  of  the  different  states,  includ¬ 
ing  studies  of  conditions  which  might 
affp^*r  the  health  of  workmen  in  the 
industry.  Miners  leaving  their  occupa¬ 
tions  or  moving  out  of  the  area  are 
urged  by  the  Service  to  keep  the  De¬ 
partment  advi.sed  of  their  whereabouts 
in  order  that  succeeding  long-range 
checks  may  be  made  through  the  years. 

While  each  of  the  four  states  in 
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SLOPE  PORTAL:  A  12-deKree  slope  extends  4(M)  ft.  to  the  workinKs  of  Charles  Steen’s  fahuloiis  Utex  mine  40  miles  southeast  of  Moah,  Utah, 
on  the  Colorado  River.  The  mine's  location  is  near  the  center  of  a  group  of  12  elaims  he  located  early  in  19.11. 


which  the  uranium  mining  is  now 
being  done  has  its  own  safety  divisions 
and  state  inspectors  to  check  on  the 
conditions  in  the  mines,  the  AEC^  fol¬ 
lows  through  with  experienced  engi¬ 
neers  who  also  watch  the  rapidly  de¬ 
veloping  industry.  No  controls  are  ex¬ 
ercised,  since  these  powers  come  from 
within  the  individual  states.  The  Bu¬ 
reau  of  Mines  assists  with  instructions 
in  safetv  and  first-aid  training. 

Charles  Steen 

(Jharles  Steen,  his  “Mi  Vida”  strike, 
and  some  of  the  good  fortune  that  has 
followed  him  have  been  much  publi¬ 
cized.  1  le  is  a  (juiet,  unassuming  young 
man,  a  graduate  geologist  of  the  Texas 
School  of  Mines.  Many  stories  are  told 
of  his  generosity  to  those  who  be¬ 
friended  or  a.ssisted  him.  No  story 
about  uranium  mining  would  be  com¬ 
plete  without  a  description  of  Steen’s 
Utex  mine,  which  lies  40  miles  south¬ 
east  of  Moah,  Utah,  on  the  (>)lorado 
River. 

Moah  is  an  old  Mormon  town  in 
southeastern  Utah.  The  pioneers  who 
moved  into  this  desolate,  yet  strangely 
beautifid,  canvon  countrv  settled  there 
on  orders  from  Brigham  Young.  The 


little  valley  surrounding  the  town  is 
walled  in  by  colorful  red  cliffs  of  mas¬ 
sive  sandstone.  .At  inmunerable  places 
in  surrounding  canyons  are  high  na¬ 
tural  bridges  and  tall  rock  spires. 

The  canyon  where  the  lUex  mine 
and  surrounding  claims  are  located  is 
rough  and  rugged.  The  mine,  named 
from  a  combination  of  the  names  of 
Steen’s  two  lucky  states,  Utah  and  his 
birth  state  of  Texa.s,  is  situated  near 
the  center  of  a  group  of  12  claims  he 
located  in  t'arly  19.51. 

.After  constructing  a  roadway  4  miles 
long  from  the  nearest  county  road, 
Steen  moved  a  diamond-drill  rig  into 


the  lonely  canyon  iti  July,  1952.  Three 
days  later  he  c’ored  into  a  high-grade 
vein  of  ore  in  the  C^hinle  formation  at 
a  depth  of  70  ft.  His  sudden  rise  to 
w(‘alth  is  as  fabulous  as  any  story  of 
the  gold-rush  days. 

Grubstake  of  $I5,(MM) 

To  fitiance  his  prospecting,  Steen  ob¬ 
tained  a  grubstake  of  $15,(K)0  from  his 
mother,  Mrs.  Ho.selie  Shumaker,  now 
the  treasurer  of  Utex  Exploration  (>oni- 
pany,  an  organization  formed  by  Steen 
after  the  di.scovery  of  uranium  ore  on 
his  claims.  His  ideas  had  Ixh'ii  ridi¬ 
culed  and  criticiz<'d  by  many  g(‘olo- 


MINED  ORE:  A  Koehring  Dumplor  loaded  with  uraniiiite  is  driven  up  the  slope  from  the 
Utex  mine  to  dump  the  ore  outside  onto  the  stiR-k  pile. 
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AT  7'liK  ST(K'K  I’ll.K;  At  Ihr  i>t(»ck  pile,  a  C.'alerpillar  IIT-4  loader  excavates  and  dumps  iirutiiuin  ore  from  the  Utex  mine  into  trucks  for  trans- 
liortation  to  biiyinK  stations  at  Moah,  41  miles  away,  and  Brindell,  I'tah,  78  miles  distant. 


^isl.s  wild  wfit*  iiiorc  familiar  with  the 
c-dimiry  and  it.s  striK-tnrc.s  than  he. 
Kven  though  lor  a  time  Ste(*n  wa.s 
ahdiit  ready  to  j'ive  up,  he  stuck  stnh- 
hornly  to  his  plan  of  exploration  and 
provt'd  that  iiraninm  existt'd  in  the 
stratum  in  paying  (piantities.  lie  sunk 
his  shaft  on  the  evidence  of  the  core 


from  OIK*  drill  hole.  He  did  not  have 
enon^h  drill  pipe  to  core  other  holes  in 
the  ore  /one  after  drilling  the  first  one. 

The  Steen  claims  are  in  the  Big  In¬ 
dian  Mining  District  where  the  forma¬ 
tions  range  from  Upper  Pennsylvanian 
to  Upper  Cretaceous.  The  ore  is  prin¬ 
cipally  nraninite,  a.s.sociated  with 


.Sl'KKN  C.A.NYON  KOAI):  A  truck  loaded  with  uranium  ore  from  the  Utex  mine  rolls  down 
the  road  in  Steen  Canyon  en  route  to  a  buying  station. 


smaller  amounts  of  tynyamnnite,  a 
calcinm-nraninm  vanadate.  Ores  sam¬ 
pled  and  assayed  show  a  wide  variance 
of  values  ranging  from  0.10  per  cent  to 
HI  per  cent  uranium. 

I’he  sinking  of  an  8  by  8-ft.  shaft  to 
the  ore  body  began  in  October,  1952. 
The  first  ore  from  the  blanket  vein  was 
hoisted  on  December  4,  and  regular 
shipments  were  made  two  days  later. 
The  shaft  operations  soon  proved  the 
need  for  additional  facilities  to  speed 
np  the  ore  handling.  .An  adit  10  by  10 
ft.,  inclined  downward  about  12  de¬ 
grees,  wa.s  begun  400  ft.  southeast  of 
the  shaft.  With  the  completion  of  this 
slope,  production  was  increased. 

Koom-and-Pillar  Mining 

.At  present,  the  mine  is  being  de- 
velopetl  on  a  modified  room-and-pillar 
method  w  ith  all  development  work  oc¬ 
curring  in  the  ore  measure,  which  runs 
from  10  to  40  ft.  in  thickness.  .Although 
roomnecks  are  turned  each  1(K)  ft.,  no 
rooms  or  stopes  have  been  opened.  The 
ilrift  headings  are  about  12  by  16  ft.  in 
cross  section.  To  assist  in  developing 
satisfactory  fragmentation  (all  ore  de¬ 
livered  to  the  mills  is  recpiired  to  be 
less  than  12  in.  in  diameter),  .50  to  110 
holes  are  drilled  for  the  blasting 
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rounds,  thi*  number  of  holes  drilled 
conforming  with  the  size  of  the  head¬ 
ings.  The  holes  are  drilled  6  ft.  deep 
and  break  about  60  tons  of  ore.  Drill 
steel  of  Swedish  manufacture  eijuipped 
with  tungsten  carbide  and  chisel  bits  is 
used  in  drilling.  A  drill  jumbo  with  two 
machines  mounted  on  a  diesel  tractor 
speeds  the  drilling  operation,  ('om- 
pressed  air  for  the  operation  of  the 
drills  is  supplied  to  the  various  head¬ 
ings  through  2-  and  4-iu.  pipe  lines 
carried  into  the  mine  through  24-in. 
drill  holes.  The  compressed  air  is  de¬ 
veloped  with  two  Inger.soll-Rand  (ivro- 
Flo  6(K)-cu.  ft.  rotary  compressors. 

.411  ground  is  supported  with  1  in.  by 
6-ft.  roof  bolts  anchored  at  4-ft.  inter¬ 
vals.  No  timbers  are  used  in  the  mine. 
The  ground  is  generallv  firm  but  with 
occasional  slabs  which  are  loosened  bv 
blasting  or  air  slacking.  Wooden  blocks 
3  bv  10  bv  IS  in.  used  with  8  by  8-in. 
steel  washer  plates  are  advantagt^ous  in 
tightening  the  washers  to  the  ground 
to  be  supportetl.  Two  miners  are  em¬ 
ployed  to  place  the  roof  bolts. 

Ore  is  loaded  into  two  7-cu.  yd. 
Koehring  Dumptors  with  an  Interna¬ 
tional  TD-9  tractor  Lodover  and  a 
(Caterpillar  six-shovel  loader.  All 
diesel-operated  e(|uipment  in  the  mine 
is  fitted  with  water  scrubbers  on  the 
exhausts.  Electricity  is  generated  for 
use  at  the  mine  and  the  adjacent 
camp  with  diesel-driven  generators, 
one  ()()  K\V'  and  one  1(K)  KW. 

No  Water  in  the  Canyon 

.No  water  or  springs  occur  iu  the 
canv'on,  and  water  is  haided  from  the 
town  of  .\Ioab  in  a  l,2(H)-gal.  tank  truck 
and  emptied  into  a  5,(KK)-gal.  storage 
tank  erected  on  the  hillside  above  the 
mine  and  camp.  All  drilling  in  the 


mine  is  wet-drilling.  Water  consump¬ 
tion  totals  about  2,(KK)  gals,  a  day. 

Ore  hauled  from  the  mine  is  dumped 
onto  outside  stock  piles  and  reloadetl 
onto  trucks  with  a  Caterpillar  HT-4 
loader.  The  trucks  transport  the  ore 
to  buying  stations  at  Moab,  41  miles 
away;  to  Brindell,  Utah,  78  miles  dis¬ 
tant,  with  rail  haul  to  Vitro  (Chemical 
(Company  at  Salt  Lake  (City.  The 
uranium  ore  mined  has  averaged  about 
0.59  per  cent.  The  value  of  production 
as  of  July  30  was  iu  excess  of  $5,(KK),(XK). 

Mine  ventilation  is  developed  by 
both  natural  and  artificial  means.  Air 
is  forced  into  the  headings  through  au 
18-in.  Bemis  vent  tube  extending  down 
the  shaft  from  a  (Coppus  \'entair  TP-9 
blower  driven  by  an  electric  motor. 
After  the  vent  pipe  reaches  the  mine 
level  it  is  extended  to  the  working 
headings.  (Canvas  vent  tubing  is  u.sed 
where  it  is  considered  necessary  to 


provide  further  mine  veutilatiou. 

The  Utt*x  mine  has  no  labor  prob¬ 
lems.  Premium  wages  wt‘11  above  the 
scale  for  similar  work  are  paid  by  the 
compauv,  and  no  deductions  are  made 
for  board  and  lodging  furnished  to  the 
men  at  the  mine  camp. 

The  safety  standards  of  the  company 
r«'<juire  the  use  of  electric  lamps,  hard 
hats,  and  safety  shoes.  Employes  are 
instructed  by  Bureau  of  Mines’  repre¬ 
sentatives  in  safety  practices  and  in 
first-aid  work.  Two  shifts  of  24  men 
each  are  employed  at  the  mine. 

The  officials  of  Utex  Exploration 
(Company  are  (Charles  \.  Steen,  presi¬ 
dent  and  chief  geologist,  Moab,  Utah; 
W.  T.  Hudson,  vice  president,  Los 
Angeles,  (California;  Boselie  Shumaker, 
treasurer,  Moab,  Utah;  Mrs.  Maxine 
Boyd,  a.ssistaiit  treasurer,  Moab,  Utah; 
aiul  Mitchell  Melich,  secretary,  Moab. 

(To  be  continued) 


EXPLOSIVES  USERS— If  you  ore  experioncing  or  anticipate  legal  or  public 
relations  problems  arising  from  blasting  effects— 

Send  for  Our  BROCHURE  Describing  Our  Services 
"VIBRATION  PROBLEMS  CONNECTED  WITH  BLASTING  AND  OTHER 
SOURCES:  THEIR  SOLUTION  AND  CONTROL  BY  SCIENTIFIC  METHODS" 

(Pritm  Sthatlula  Accompanlai  BrechwraJ 

VIBRATION  ENGINEERING  COMPANY 

301  HaiUten  Notional  Bonk  Bldg.  Phono  GLodstono  S-196t  Hotlolon,  Po. 

Dr.  1.  Don  Loot,  Protidonf,  Harvard,  Mott. 

RACEY,  MocCAUUM  A  ASSOC.,  LTD.  RANALD  E.  JONES  lEET  ASSOCIATES  DIV. 

4123  Shorbrooko  St.,  Wott  Jinny  Hill  Rood  Harvard,  Mau. 

Montreal,  Quo.,  Canada  Choohiro,  Conn.  Philip  R.  Borgor,  Mgr. 


INDUSTRIAL  SEISMOLOGY 

VIBRATION  SURVEYS  -  BLASTING  EFFECTS  ANALYSIS 

HAROLD  H.  WHITE 

CONSULTING  ENGINEER 
1619  WALL  STREET  •  JOPLIN,  MISSOURI 
PHONE  MAYFAIR  4-0164 

MULTI-STATE  PROFESSIONAL  REGISTRATION  •  30  YEARS'  EXPERIENCE  IN 
ANALYSIS  OF  EXPLOSIVES  EFFECTS  •  INTERNATIONAL  BACKGROUND 
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IN  QUARRYING 

explosives  research 
pays  off 


(J<«kI  f ra^tiH'iilation  and  a  l«»w  hank  of  Itntkcn  stntic-  licrc’s  a  Ivpical 
fxainph*  nf  ln»M  rxftlnsivos  research  pays  nfl.  In  <piarrvin<r,  llie  [irnper 
selecti(»n  and  efheieni  use  of  industrial  explosixes  niinitni/,e  the  need 
for  see(»ndary  hlastinfi.  speed  shovel  (trodnetion,  and  eontrihnte  to  an 
oxerall  economical  «iperation. 

Ilerenh's  is  a  pioneer  in  the  manufaetiire  «d Cxplosives,  detonators, 
and  in  the  development  «d  modern  blasting  methods.  Hereides’  exten- 
siv<“  service  facilities  an‘  at  your  disposal  for  solvirif:  hlastin*r  [troh- 
lems,  not  only  in  (juarryinfi,  hut  for  mining,  <m  eonstrnetion  jolts, 
and  in  exploring  ftir  p<‘trolenrti  —  in  fact,  wherever  explosives  are  used, 

HERCULES  POWDER  COMPANY  ^ 

Kxphmrs  Ih  fuirtmcut,  King  Street,  Wilmington  99,  Del. 


Hinnin^tiani,  Ma.;  OInVapn,  III.;  Duluth,  Minn.;  Ilazloton,  Pa.;  Jn|ilin,  M«.;  I.os  Anpeirs, 
(!alil.;  .New  A  cirk,  N.  A  .;  Pill'lnirph,  Pa.;  Salt  l.ake  (iilN.  I  tah;  San  t  ranei'.co.  (iaiif. 
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Here's  big  news  for  men  engaged  in  strip  mining 
or  heavy-duty  construction  work  —  Bucyrus-Erie 
has  added  another  big-yardage,  all-weather 
dragline  to  its  world-famed  "walker"  line.  You'll 
find  unequalled  money-making  features  in  the 
new  400-W  .  .  .  here  are  some  of  them. 

THREE  POWER  COMBINATIONS  —  Your  choic*  of 

heavy-duty  dicMl  engine,  electric  power  with  inde- 
I  pendent  motor-driven  drums,  and  electric  power  with 
clutch-operated  drums. 

EFFICIENT  FRONT  END  —  All-welded  boom  has  T-section 
chord  members  with  tubular  bracing  for  maximum 
strength,  minimum  deadweight.  Fast  filling,  clean 
carrying,  quick  dumping  buckets  help  assure  big 
output. 

LONG  WORKING  RANGE  —  Without  throwing  bucket, 
material  can  be  moved  405  feet  with  the  400-W's 
200-ft.  boom  and  7-yd.  bucket,  377  feet  with  the  16S-ft. 


boom  and  8-yd.  bucket,  and  351  feet  with  the  170-ft. 
boom  and  9-yd.  bucket.  Digging  depths  range  up 
to  135  feet. 

RAPID  OPERATING  CYCLE  —  Fast  hoisting  and  lowering 
with  powerful  air-controlled  clutches  and  brakes  .  .  . 
rapid  acceleration  and  deceleration  of  the  swing 
under  variable-voltage  Word  Leonard  control. 

EXCEPTIONAL  MANEUVERING  ABILITY  —  With  exclu¬ 
sive  Bucyrus-Erie  walking  mechanism,  the  400-W 
walks  where  you  want  it,  when  you  want  it,  in  good 
weather  or  bad,  even  on  ground  that's  too  soft  for 
other  machines. 

STRONG  RIGID  BASE  —  Provides  748  sq.  ft.  of  bearing 
area  tor  full  stability  in  working  and  walking. 

STURDY  MAIN  MACHINERY -is  simple  in  design  .  .  . 

is  arranged  for  accessibility  in  servicing  and  mainte¬ 
nance,  and  for  maximum  counterbalancing  effect  .  .  . 
is  rigidly  held  in  accurate  alignment  on  deep-section 
revolving  frame. 

Complete  information  is  yours  for  the  asking  — 

write  today! 

3S154C 
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When  you  point  to  that  CP  Airleg  combina¬ 
tion,  Mister,  why  not  point  out  that  they  team 
up  to  give  the  maximum  drilling  efficiency 
obtained  when  using  Tungsten-Carbide  bits. 
And  that  the  leg  takes  constant  recoil  shock 
yet  holds  the  drill  firmly  to  the  work.  And 
while  you’re  at  it,  point  to  the  exclusive  pres¬ 
sure  release  type  control  handle  and  balanced 
feed  leg  that  assure  steady  bit  pressure  even 
under  variable  line  pressure  and  different  rock 
formations  —  eliminate  “slapping”  and  reduce 


bit  breakage.  Then  point  to  the  emergency 
push  button  that  releases  feed-leg  pressure 
instantly.  Point  out  that  it’s  available  with  a 
feed  cylinder  of  either  steel  or  aluminum 
alloy  and  with  36"  and  48"  feed  travel.  And 
that  it  makes  a  perfect  combination  ...  the 
Chicago  Pneumatic  Airleg  and  Sinker  Drill! 
And  if  your  friend  has  any  more  questions. 
Mister,  ask  him  to  write  Chicago  Pneumatic 
Tool  Company,  8  East  44th  Street,  New  York 
17,  New  York. 


Cnica^o  FVieirmatic 


PNEUMATIC  TOOIS  •  AIR  COMPRESSORS  .  ELECTRIC  TOOLS  .  DIESEL  ENGINES  •  ROCK  DRILLS  •  HYDRAULIC  TOOLS  •  VACUUM  PUMPS  •  AVIATION  ACCESSORIES 


m 
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SINCE  1859 


JUMBO  CARRIAGE 


GARDNER-DENVER 


POWER 

SWING 

JUMBOS 

and 


-rx^^TT- 


HYDKAULic  DKirren 
POSITIONE  R. 


REMOTE 
CONTROLLED 
DRILLS 

for  mounting  on  your  own  equipment.*. 

All  positioning  and  drilling  operations  hydrau¬ 
lically  operated  anttremotely  controlled  from 
driller’s  station.  All  positioning  hydraulically 
locked.  Write  for  information. 


U  Rol  CUVILANO  T-2«6 
Dw«l  OrlH 
Rl«  —  cofiiittt  of  two  pot* 
•  mod  la  Roi-CLEVEIAND 
olr  foods  ond  drills  with 
air-motor  booms  mountod 
on  o  mobilo  23-hp  troctor. 
You  con  drivo  tha  T-286 
onywhoro  ond  tow  your  Air> 
mostor  comprossor  os  wall. 
You  out  quickar  satups,  fast- 
or  drilling,  battor  frogman- 
lotion,  and  lowor  costs. 


U  Rol-CUVELAND  Clay 
OIgggr  —  at  work  on  o 
sowar  iob.  Wall-boloncad 
for  aosy  handling,  thasa 
spodars  pock  planty  of  wal¬ 
lop  for  Iho  stiff ast  cloy .  Opor- 
otors  lika  thorn,  bocousa 
thay  con  do  mora  work 
with  lass  affort.  A  ona- 
piaca,  bondad,  rubbar  buffar 
with  split  stool  collars  koasrs 
out  dirt  and  grit  —  mokas 
stool  changing  foslor. 


U  Rgl-CUVILANO  Rav¬ 
ing  Rraakars— ora  pockad 
with  powar  to  mako  quick 
work  of  brooking  up  tha 
hordasl  concrota.  Sitas  rongo 
from  18  to  80  lbs.  Protoc- 
tlva  cushion  In  front  and  os- 
suras  long  Ufa.  Exclusiva 
valving  providos  on  aosy- 
holding  action  that  opara- 
lors  lika.  All  thasa  faoturas 
kalp  you  raduca  your  costs. 


U  Rol-CUVILANO  Rack- 
fill  Tamggr — waighs  only 
34  lbs.  Thanks  to  Its  smooth¬ 
holding  quolitios  it  con  ba 
“walkad"  ovar  tha  fill  oos- 
lly.  Oparotors  can  do  mora 
tamping.  Tha  maior  ports 
ora  moda  from  durablo 
drop-forgings  and  a  built-in 
oil  rasarvoir  kaops  waar  to 
o  minimum.  Just  onothor 
axompla  of  how  La  Roi  givas 
you  mora  for  your  monay. 


LE  ROi  GIVES  YOU  MORE 
FOR  YOUR  MONEY  I 


This  U  Koi-CLEVEUND  D«-30  wo«on  drill 
for  doop-hoU  work  it  poworod  by  a  Lo  Roi 
600-cfm  Airfflottor  mountod  on  tkidi. 

Two-  ond  four-wkool  mountinot  oro  olto 
ovoiloblo  in  mot*  tiiot.  Copocitiot:  15 
cfm,  103  cfm,  125  cfm,  185  cfm, 

210  cfm,  230  cfm,  365  cfm, 

600  cfm;  pot  and  diotol. 


...with  LeRoi  Airmaster  Compressors  and 


Le  Roi- CLEVELAND  Air  Tools  on  the  job 


Air  POWEH  is  so  widely  used,  because  it  does  so 
,  many  things  —  because  it  saves  money 
And  money-saving  air  power  costs  less,  when  you 
lise  Le  Roi  Airmaster  Compressors.  Here's  why 
•  Le  Roi,  with  8  sizes  and  14  models,  offers  the  wid¬ 
est  range  of  portable-compressor  sizes  available. 
Now  you  can  match  your  job  requirements  exact¬ 
ly,  with  an  Airmaster  Compressor  that  lets  you  do 
the  most  work  for  the  least  cost. 

•  Le  Roi  Airmasters  are  powered  by  a  heavy-duty 
Le  Roi  engine  designed  especially  for  compressor 
service.  Conservative  engine  ratingsgiveyou 


ample  power  reserve  —  for  lower  fuel  consump¬ 
tion,  less  maintenance,  lower  operating  costs. 
Magneto  ignition  gives  you  quick,  easy  starting  — 
saves  time,  lets  you  get  going  faster 

For  still  better  results,  still  lower  costs,  use  Le  Roi- 
CLEVELAND  air  tools  with  your  Airmasters.  They 
will  drill  more  rock,  dig  more  clay,  break  more  pave¬ 
ment,  tamp  more  fill  for  you. 

Use  this  team  and  you  will  find,  as  so  many  hove, 
that  Le  Roi  gives  you  more  for  your  money  —  more 
air  power,  more  footage,  more  profits.  See  your  Le 
Roi  distributor  or  write  us  for  further  information. 


AlAIAMA,  •Irminthan,  Mobil*  —  ARIZONA.  Rh**ii!K  —  ARKANSAS.  llHI*  Reck 
^  CALIFORNIA.  Rokerifiold,  Loflf  RoocS,  let  Anpelet,  Sen  Froncitco  —  COLO¬ 
RADO:  Denver,  Creed  Junclien  —  CONNECTICUT.  Hertford  —  FLORIDA.  Jockien- 
vMIe,  Miami,  Tempo  —  GEORGIA.  Avguito,  Decatur  —  IDAHO.  Reite,  Idehe 
Follt,  Twin  Follt  —  ILLINOIS.  Ckicofo  —  INDIANA.  Indienopelii  —  IOWA.  Ctder 
Repidf,  Dot  Meinet,  Weterlee  —  KANSAS.  Greet  Send,  Kentoi  City,  FroH, 
Wickite  —  KENTUCKY,  leaintten,  leuiivill*  —  LOUISIANA.  New  Orleoni, 
Shreveport  —  MAINE.  Aututte  —  MARYLAND.  Reltlmere,  Hyotttville  —  MASSA¬ 
CHUSETTS:  Hyde  Perk,  Newton  Hiehlendt,  Wercetter  —  MICHIGAN.  Detroit, 
Grand  Repidt  —  MINNESOTA.  Duluth,  Minneepelii  —  MISSISSIPPI.  Jechien  — 
MISSOURI.  Jeplin,  St.  Leuit  —  MONTANA.  Sillinfi,  Greet  Follt,  Kolitpell,  Mit- 
teulo  —  NERRASKAs  Omohe  —  NEW  HAMPSHIRE.  Menchetler  —  NEW  JERSEY. 


Cranford,  Kinetlen  —  NEW  MEXICO.  Albuquerque  —  NEW  YORK.  Albany,  Ring, 
hamten,  Ruffole,  Long  Itlond  City,  Newburqh,  Rechetter,  Sauqertiet,  Syrocute, 
Whiletbere,  Weodtid*  (l.l.)  —  NORTH  CAROLINA.  Charlene  —  OHIO.  Cincin¬ 
nati,  Cleveland,  Celumbut,  Doylon,  Toledo  —  OKLAHOMA.  Oklahoma  City,  Tultq 
—  OREGON.  Portland  —  PENNSYLVANIA.  Rethlehem,  Herritburq,  Philadelphia, 
PiHtburqh  _  RHODE  ISLAND.  Providence  —  SOUTH  CAROLINA.  Celumbie  — 
SOUTH  DAKOTA.  Rapid  City,  Sieua  Follt  —  TENNESSEE.  Cholteneega,  Knetville, 
Memphit,  Noihvill*  —  TEXAS.  Dollet,  El  Pate,  Heutten,  Lubbock,  Son  Antonie  — 
UTAH.  Salt  lake  City  —  VIRGINIA.  Richmond,  Reonek*  —  WASHINGTON. 
Seottlo,  Spokane  —  WEST  VIRGINIA.  Clorktburg,  South  Cherletten  —  WISCON¬ 
SIN.  Milwaukee  —  WYOMING.  Cetper. 


They  made 
Mountains  into 
Molehills 


Monticello 


Joy  Rock  Drills  helped  to  carve  a  3.5  mile  mountain 
highway  out  of  solid  rock  at  California’s  Monticello 
Dam.  Cuts  up  to  250  ft.  were  gouged  from  sheer  cliffs. 

Thejoy  drills  proved  dependable  and  easy  to  handle. 
Their  patented  Dual  Valves  permitted  more  perform¬ 
ance  per  weight  than  comparable  drills.  (Cadmium 
plating,  inside  and  out,  aided  lubrication  and  pre¬ 
vented  piston  scoring,  rusting  and  corrosion. 

For  full  details  on  Joy  Rock  Drills,  write  for  free 
Bulletin  87-X  to  Joy  Manufacturing  Company,  Olivor 
Building,  Pittsburgh  22,  Pa.  In  Canada:  Joy  Manujac- 
turing  Company  {(Canada)  Limited,  Galt,  Ontario. 


SILVER.  LIKE  COVCRfNG  OF  CADMIUM  PLAriNG 


Stout  ropes  on  men  and  equipment  pre¬ 
vented  piunftes  down  the  sheer  rock  cliffs 
to  the  river  600'  below. 


FOR  MR  COMPRESSORS  •  ROCK  DRIUS  •  WAGON 
DRILLS  •  CORE  DRILLS  •  BLAST  MOLE  DRILLS 
PORTABLE  HOISTS  •  FANS  •  BLOWERS 
TUNNEL.  QUARRY,  MINE  EQUIPMENT 


NO\  KMBKR-OKCKMBER,  19S4 


IHK  EXP1.0SIVES  ENCINEKR 


of  each  connector.  The  l^^the  connector  is  pressed 
down  over  the  Quarr  locking  it  firmly  in  place. 

The  free  end  of  the  Quarrycord  is  then  run  out  to  a 
spot  where  it  can  be  easily  lighted. 

I^lan  your  Quarrycord  hookup  so  that  the  fuse  in 
each  hlockhole  is  lighted  before  the  first  hole  goes. 
Several  groups  of  boulders  can  l)e  prepared  in  this 
manner,  and  when  all  is  in  readiness,  the  blaster 
lights  the  Quarrycord  for  each  group,  and  walks  to 
a  place  of  safety.  o., 


Now  you  can  use  safety  fuse  and  caps  in  multiple 
hlockhole  secondary  blasting,  with  the  added  features 
of  remote  firing. 

The  lighting  device  is  Quarrycord  —  a  flexible 
water-resistant  cord  specially  constructed  to  burn 
fast,  at  a  speed  of  about  one  foot  per  second,  with 
an  external  flame  at  the  zone  of  burning.  It  is  not 
affected  by  stray  electrical  currents,  and  is  ideal  for 
use  during  the  thunderstorm  season. 

Fuse  and  caps  are  prepared  in  the  usual  way,  with 
the  addition  of  a  connector  crimped  on  the  free  end 
of  the  fuse.  This  connector  protects  the  fuse  powder 
train  during  rain  storms,  and  is  slotted  to  provide 
a  firm,  positive  connection  for  the  Quarrycord. 

After  the  blockholes  are  loaded,  the  Quarrycord 
is  run  from  hole  to  hole,  and  in.serted  into  the  slot 


THE  ENSIGN-BICKFORD  COMPANY 
siMsauav,  connicticut 

Manwfactwrcrt  •(  PrtnMcara-SIclifara 
ana  SaTaty  fat# 

Etfablithtd  1836 


Ensign-ltirkfonI  (,>uarry<'or<t  is  parked  on  spools  in 
'>00  ft.  lengths.  See  your  explosives  supplier  or  write  us. 


ENSIGN-BICKFORD 


/■  ' 


IMPOSSIBLE 

WITHOUT 


In  50  )cars  «»f  mining'  opcrutioiis  by  the  Llali  (]o|ijter  Division  of  Kennei  oll 
(lopper  (Corporation,  Hin^ham  (Canyon  has  yielded  more  than  ()94,(K)0,()(K) 
tons  of  copper  «»re.  That’s  a  lot  of  ore  and  it  called  for  millions  of  pounds  of 
industrial  explosives,  skillfully  used,  to  break  the  ore  loose  from  workiti" 
faces,  assure  eflicient  shovel  operations,  and  quick  transportation  to  crush¬ 
ing  and  washing  plants. 

Kxplosives  have  been  Hercules’  business  for  40  years.  Wherever  industrial 
explosives  are  needed,  a  Hercules  technical  representative  <'an  assist  in 
the  sele<  tion  of  the  right  explosives  and  blasting  suftplies  for  the  job  and 
recornmetnl  the  most  efficient  methods  to  he  used. 


EXPLOSIVES 


HERCULES  POWDER  COMPANY  ^ 

Explosives  Department,  990  Market  Street,  Wilmin^on  99,  Del. 

Kirniiiighain,  Ala.;  III.;  Duluth,  Minn.;  lia/.lctoti,  I’a.;  J<i|ilin,  Mn.;  I  ,»s  .Anjjcics, 

(klif.;  New  York,  N.  V.;  rill'-hurph,  I’a.;  .'salt  fake  City,  l  lali;  San  Franrisro,  Calif. 


